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SOIL COVER
SURFACE CAPPING
SLURRY TRENCH

~2=GROUT CURTAIN
" SHEET PILES

008171




MEDIUM:

RELATED SITE
E.\’P,E;RIE.,\'Q;E:
APPLICABLE

INTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION:

DRAFT

PRQCESS TYPE:

CHEMICALS OF

PEREORMANCE:

SOIL COVER
(In Situ Containmert)

Contaminated soi) of buried wastes residue

Geotechnical

Yes (limited)

All chemicals of interest if suitable barrier materials are
used.

Established Technology with changing modifications

of clean (non-stony) fill,

Layering is erhaps the most promusing technique for
designing a final solid waste cover, This technique entajls
the use of different tmatetials in distinct layers to utilize
their most favorable characteristics to reduce erasion
and percolation of surface waters into the waste area, A
layered system m2y include topsoil, a barriey laver,
lbut’fcz’ layer, water diainage layer, filter and gas drainage
ayer.

Soils composed predominantly of clay are we) suited for
covers, particularly in  humid climates as their
permeabiﬁty is low. However, such soils have a tendency
to shrink and crack in dry seasons. This would reduce
the covers integrity ‘and  effectiveness, Where
appropriate soils are availyk ' locally, costs can be kept
t0 a minimum over the neea transport material in for
construction,

SOIL COVER
Containment)

D0B8172
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MEDIUM:

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATLS:

-
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DRAFT

" T historical experience on

SURFACE CAPPING
(In Situ Containment)

Contam:nated sail or buried wastes, residues

Geotechnica] .. . . .

Yes (limited)

All chemicals of interest if suitable barrier materials are
used.

Established technology with changing modifications,

Soil caps are designed to reduce soil zrosion and inhibit
dermal‘contact' with site soil. Also an effective soil cap will
reduce infiltration of surface water,

With soil caps, a relatively impermeable materia] with
subsequent resoiling and vegetation is installcd,. Possible

Impermeable capping materials include the following:

0 E}mthetic membranes
0 Compacted sojls

O Sprayed bituminous membranes
0 Polyurethane foams

0 Soil additives and cerments

Synthetic membranes and compacted soils have been used
extensively as capping materials. Considerable €xperience
has been obtained from laboratory and field testing and
waste containment applications of ‘S}fé‘thetic membranes

formulated with pol nyl chloride (P » chlorosulfonateq
polyethylene (H /EON), lyethylene SPE), high density
lyethylene HDPE), and chlorinated polyethylene (CPE).

€s¢ materials are chemically compatible with a wide
range of arganic and inorganjc compounds. Permeabilities
gto water) are less than 1x Q" cm/sec. Resistance to tearing
rom scttlement is very high because of the membranes’

¢longation properties and all of the synthetic materials are
readily available,

A disadvantage of the sytithetic membranes is the limited
! long-term material durabilicy,
Present warranties offered by membrane manufacturers are
20 to 30 years, although certain formulations might be stable
indefinitely, especially | exposed to  sunlight.
Uncertainties over long-term performance of membranes

1 - SURFACE CAPPING
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DRAFT

Compacted soil caps have been constructed mainly with
soils of high clay content, which provide a low permeability
and high plasticity. These caps ¢an provide long-term
- .rehability for reducing rainfal percolation into waste:
however, clay soil caps are susceptible to degradation by

- volatile organic compounds.

Capping materials such as polyurethane foams are
engineesing concepts that have not benefited from wide
experience in application. Poiyurethane foums have ben
used in limited cases for daily cover of sanitary landfills.
However, their permeability and durability is not equal 10
conventional synthetic membranes.

Sprayed bituminus membranes such as kerosene cutback

asphalt can provide a low-permeabuity €ap at a relatively
low cost. These membranes have a lesser tensile strength

2 ]

disadvantages can be minimized. Bituminous-based
materials are also resistant to degradation by most inorganic
liquids. However, they are more susceptible 1o
deterioration through weathering and environmental action,

and are less durable than soil caps.

Cemeni-Cased caps are susceptible to cracking from
settlement and deterioration, € cost for cement-based
aps are equal to or greater than the cost of more
appropnate cap construction.

2 .  SURFACE CAFPING
(Ia Situ Containment)
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MEDIUM:
PROCESS TYPE:

'RELATED SITE
EXPERIENCE:

e
o =Y

~ APPLICABLE
CHEMICALS OF
INTEREST:

TECENOLOGY
STATLS:

DESCRIPTION:

.l.‘ P

SLURRY TRENCH
(Ia Situ Containment)

Contaminated soils or buned waste/residue.

Geotechnical

Yes, common practice for restricting groundwater and earth
movement, e e e

All chemicals of interest if suitable barrier materials are
used.

Established Technology with changing modifications

Slurry trenches are a common form of subsurface barrier
because they are relatively inexpensive and are effective in
controlling groundwater flows.  Slurry trenches are
excavated trenches that are backfilled with a mixture of
bentonite in soil to form a low permeability zane ta control
subsurface flows. During construction the treach is held
open by the pressure exerted by a bentonite clay slurry;
hence the term “slurry trench”. As such, the backfilled
trench is somewhat plastic and compressible. The mixture
of bentonite and soil Gan vield permeabilitics in the treated
solls to as low as 1x10™ cmy/sec.

Shurry trenches can be excavated to depths of 200 feet but
common practice for trenches are up to 60 feet deep.
Practical widths of the trenches are required to
accommodate the excavating equipment and a minimum
width of about 24 inches is common.

Solidifying of slurry trenches can be accomplished by
backfilling with a mixture of bentonite and the excavated
material or the siurty can be allowed to solidify on its own
bz incorporating cement to the onginal slurty. Due to the
changes in density and losses through seepage during
excavation, it is tmportant to recirculate the slurty to
maintain its integrity. Control of the slurry is maintained by
recirculating on a continuous basis through a central mixing
unit where additional bentonite can be added to increase
density or excavated material may possibly be removed.

-t is an important aspect of slurry trench construction to tie
~ the trench into an underlying impervious zone so as to

effectively cut off the flow of groundwater or contaminants.

SLUKRY TRENCH
(In Situ Containment)




containing fines, presence of a confining layer at moderate
depths, absence of obstacies to excavation such as boulders,
' foundations, abandoned utilities, moderate groundwater
gradients and absence of coarse high flow zones. Coarse
grained soils might pose a problem to slurry trench
l construction and their presence must be evaluated.
Obstacles to construction such as boulders and underground
v e t01LILIES Deed to be ascenained. ' o

Another important  consideration i the chemical
compatibiity of the slurty trench  with subsurface
contaminants and the potential of degradation of the slurry
trench, Thc(fresencc of strong acids or bases, strong salt
solutions and some organic compounds might have a
deleterious effect on the slurry trench construction and
performance.  Testing should be carried out as to the
compatibility of the  slurry formula with  suspected
cantaminants.

008177

l PERFORMANCE: Conditions suitable for a slurry trench include sojls

2 ©_ SLURRY TRENCH
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MEDIUM:
PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION:

PERFORMANCE:

DRAFT

GROLUT CURTAIN
(In Sity Containment)

Porous soils and fractured rock treated in place

Geotechnical

Yes(limited)

All chemicals of interest if suitable barrier materials are
used.

Estabiished technology with changing modifications,

ground surface specifically for thys purpose from the ground
surface, Generally they are drilled Trom the vertical by
angle holes may be¢ employed depending on site conditions

soils. Grout mixtures available inclyde cement, clay
bentonite). silicates (chemical) and organic polymers
chemical).

The effectiveness of grouting is contingent upon several
factors. First is the compasition of the grout jtself which is a
function of several variables, These vaniables include soil

tyPe (o be injected into, pollutant to be inhibited, time since

enerally silicate) are effective in fine-grained sojls byt are
not suitable for highly acidic or alkaline environments
because their gel formation is 2 acid-base reaction. A
particulate cement/bentonite Brout is used with coarse
grained soils,

There are many admixtures which can be used with cement
Out to alter its properies to best suit site conditions,
€sc properties include altering setting times, reducin’g

shrinkage, increase lasticity or lower strength of grout.

second factor is the pressure of ixflljectign. ZXcessive
- -pressure can weaken the sirata

Opening existing fissures in closely i’o:‘nted rock. Pressure
Must be maintained at such a leve

1 . Grout Curtaia
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and keep groutin time 10 a minimum. A grout curta:n

would be most effective \n stopping the flow of pollutanis

rather than groundwater itself as a rapld{froundwater flow
u

would dilute the grout mixture so as to Feduce its efficiency.
Grouting success is very dependent on sjte conditions so s

thorough investigation " an understanding of the site 15
needed,
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MEDIUM:
PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF

INTERLST:

TECHNOLOGY
STATLS:

DESCRIPTION:

DRAFT
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SHEET PILES
(1 Situ Containment)

Contaminated soil or buried wastes/residues

Geotechnical

Yes (limited)

All chemicals of interest if suitable barrier matenals are
used

Established Technology with changing modifications

Sheet piles create a physical barrier to groundwater
movement tirough the placement of steel, pre-cast concrete
or treated wood matenals into the grouncf Sheet piles are
installed by driving steel interlocking sections individually
with a pile hammer. Pile hammer types include drop,
single- action steam, double-action steam, diesel, vibratory
ang hydraulic. Piles are driven to the desired depth based on
design cniteria established from subsurface investigations.
When firs: installed, sheet piles are not totally impermeatle
but over time fines carried by groundwater fill the small
gaps between sheets, making the structure relatively
impermeable.

Construction of a sheet pile structure is not difficult and the
equipment and materials required are readily available.
However, certain chemicals can attack steel and a

rotective coating may be required to extend its service life.
Elo maintenance is required following construction. The
effectiveness of the sheet piling is dependent upon the soils
present. Soil containing cobbles and/or construction debris
can interfere with the driving of steel sheeting piles. In soils
containing large rocks or debris, the interlocks may separate
and an ineffective barrier to groundwater flow will result.
Sheet piling is used primarily tor temporary de-watering of
construction or as erosion protection where some other
barrier, such as a slurry wall, intersects flowing surface
water, Concrete is used primarily where great strength is
required. Wood, although less expensive is an ineffective
long-term water barrier.
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1 . SHEET PILES
(In Situ Contalament)
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Sheet piling: (a) timber, (b)
steel (section MP 112, U.S. Steel Co.).
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MEDIUM:

PROCESS TYPE:

RELATED SITE
ENPERIENCE:

APPLICABLE
CHEMICALS OF

INTEREST

3
.

TECENOLOQGY
STATUS:

DESCRIPTION;

DRAFT

o

ERER I :
B

,q& i

PUMPING WELLS
(Groundwater Removal)

Contaminated groundwater and associated fluid oils

Physical removal

Yes. common practice for removing contaminated
groundwater and associated oils from the subsurface
emvironment and in  preventing groundwater from
intercepting a contaminated zone '

All soluble organics and inorganics in the water phase along
with those organics assaciated with any fluid oils present. At
representative groundwater teinperatures, tars are not fluid
enough 10 be removed by pumping wells.

Established Technology with changing modifications

There are several a;:flications of groundwater pumping to
control contaminated groundwater at a plant or disposal
site. Three primary applications are:

1) Pumping to lower a water table
2) Pumping to contain a plume
3) Groundwater treatment systems

Lowering of the water table can be implemented to prevent
stream discharge of contaminated water, eliminate contact
with a disposal site and prevent contamination of an
underlying aquifer. Well point dewatering systems or the
use of dceﬂ wells are methods most commonly employed for
lowering the water table. A well point dewatering system
consists of a group of closely spaced wells, usually connected
to a central pump for the entire system. A deep well system
has fewer wells but of larger capacity, each with its own
pump and connected to a single header pipe for removal,

Plume containment is accomplished by 1) using a series of
extraction and injection wells that will aliow water within the
plume to be pumped, treated and pumped back into the
aquifer, 2) low pumping rates to contain a plume with no
subsequent recharge to the aquifer or 3) pumping and
treatment of the plume followed by recharge using recharge
basins. Plume containment by pumping is an effective

-means of preventing the eventual contamipation of drinking
water welis or the pollution of streams or confined aquifers

that are hydraulically connected to the contaminated

1 _ PUMPING WELLS
{Groundwater Removal)

008188

-



A

N

groundwater, Pumping without subsequent recharge may
be acceptable where small quantities are involved . but for
large groundwater flows or when residents depend on the
groundwater for drinking water source, recharge will be
necessary. With the extraction/injection well technique,
consideration must be taken in design so that the radu of
inlluence do not overlap.

Containing @ plume by extraction only is feasible if
groundwater withdrawal 1s low and the aquifer s not used as
a drinking source. Growndwater pumping with recharge

- through seepage basins is similar to the extraction‘injection

technique except that recharge is accomplished by natural
means and not artificial pressures. This type of recharge
method is applicable if the aquifer is not used as a drinking
source 5o as not to interfere with public use.

Groundwater pumping systems can be coupled with
groundwater treatment systems for specific groundwater
contamination problems. Treatment systems should be
used in conjunction with pumping to lower a water table or
10 contain a plume.

Each type of technique or application has its own merits and
site conditions would dictate which is best suited.

Pumping wells are a long standing method of remedial
action for groundwater. Techniques are well tested both in
the lab and field. There is frequently,however, larger costs
involved in the implementation, maintenance and operating
costs aver a long period of time for this type of method over
others. A thorough investigation and analysis of site
conditions is required to best evaluate pumping wells as a
final solution.

b=l
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2 . PUMPING WELLS
(Groundwater Removal)




(Source:

SCHEMATIC OF A WELL PQINT DEWATERING SYSTEM

Johnson, 1975)
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MEDIUM:
PROCESS TYPE:

RELATED SITE
ENPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLCGY
STATUS:

DESCRIPTION:

008194
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INTERCEPTOR TRENCHES AND SUBSURFACE DRAINS
{Groundwater Removal)

Contaminated Groundwater and associated fluid oils

Physical Removal

Yes, common practice for intercepting and removing
contaminated gmundwater and associated oils from the
subsurface environment.

All soluble organics and inorganics in the water phase
along with those organics associated with the fluid oils
present. At representative groundwater temperatures,
tars are not fluid enough to be removed by pumping
wells.

Established Technology with changing modifications.

Interceptor systems involve the excavation of a trench
below the water table &Imerceptor Trenches) and
possibly the placement of a pipe within the trench
(Subsurface Drains). Construction is relatively simple
and involves excavation of the trench, placing perforated
pipe (if so designed) and backfilling with coarse material
such as gravel. Interceptor trenches can be cither active
(pumped) or passive (gravity flow). Active systems
require continual pumping to get water down to the
bottom of the trench. is is accomplished by the
placement of vertical removal wells or a perforated
collector pipe in the bottom of the trench. Passive
sﬁtems are usually left open with the installation of a
skimming pump for removal of the poliutant only. Ali
interceptor trenches require an excavation of at least 3
to 4 feet below the water table to prevent the escape of
inflowing poliutants.

Subsurface drains involve the use of trenches with
rforated pipe installed. A collector system for drains
include lateral drains flowing into 1 main collector pipe
{Header) with gravity flow to a sump for pumping. Two
types of drain systems are relief and interceptor drains.
clief drains are used in areas of relatively flat hydraulic
gradients. They are generally used to lower the water
table beneath a site or prevent contamination from
reaching a deeper, underlying aquifer. Relief drains are
g in parallel on either side of a site so that there

is an overlap of arcas of influence and contaminated

1 INTERCEPTOR TRENCHES AND
- SUBSURFACE DRAINS
(Groundwater Removal)
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PERFORMANCE:

DRAFT

Froundwater does not flow between the drain lines.
nterceptor drains are used ta collect groundwater from
an up gradient source in arder to prevent leachate from
reaching wells or surface water located hydraulically
dawngradient from the site. Installation is perpendicular
to groundwater flow,

Both trenches and drains have relatively low
construction and operating costs, but the use of drains
tequires continuous and careful monitoring to assure
adequate leachate collection and are not well suited to

- poorly permeable soils. Trenches on the other hand

require extensive maintenance for operating efficiency
and may require additional safety/security measures due
to the open structute.

Since trenches and drains essentially function like an
infinite line of extraction wells, they can perform many
of the same functions as wells.  For shallow
contaminaticn problems, trenches and drains can be
more cost effective than pumping wells, particularly in
strata with low or variable hydrauiic conductivity. Under
these conditions, it would be difficult to design and it
woulid be cost prohibitive to operate a pumping system
to maintain a continuous hydraulic boundary.
Interceptor trenches and subsurface drains may also be
preferred over pumping where groundwater removal is
required over 3 penod of several years, because the
operation and maintenance costs associated with
pumping are substantially higher. One of the biggest
drawbacks to the use of trenches and drains is that they
are generally limited to shallow depths. Although it is
technically feasible to excavate a trench to almost any
depth, the costs of shoring, dewatering and hard rock
excavation can make trenches and drains cost
prohibitive at depths of more than 40 feet. However, in
stable low permeability soils where little or no rock
excavation 18 required, they may be cost effective to
depths of 100 feet. Also, it is more difficult to remove
oils from the subsurface via drains. The use of
interceptor systems produce less fluid to be handled
than pumping systems.

2 INTERCEPTOR TRENCHES AND
'SUBSURFACE DRAINS

(Groundwater Removal)
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Hydrautic gradient towarg interceptor system.
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Collector system layouts.
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(b) less permeable soil (Spangler and Handy, 1873).
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SOILRESIDUE REMOVAL
EXCAVATION - TANKS AND LAGOONS
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MEDIUM:

PROCESS TYPE:

“RELATED SITE

~EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION:

DRAFT

EXCAVATION . TANKS AND LAGOONS
(Soil/Residue Removal)

Contamir ated soils, waste piles and
sludges.

Physical removal,

Yes, common practice for removal of contaminated

sohid/semi-solid matenal,

All organic and inorganic contaminants which have the
potential chemicals ta leach off solig matenal. Also those
solid chemicals which pose an unacceptable risk.

Established technofogy with changing modifications

Excavation of contaminated soils/residues or subsurface
wastes may be performed for one or more of the following
reasons:

0 Short term protection of public health and environment
through the elimination of contaminant sources,

o Reduction or elimination of long term liabiljf? from
adverse public health and/or environmental effects, if
contaminant transport is possible.

0 Compliance with federal or state mandated restoration
plans.

@ Property restoration for redevelopment,

Technical factors affecting excavation include site location
and current use; site topography, hydrology and geology:
vertical and horizontal extent of " contamination;
contaminant distribution; planned disposition of excavated
material; and site restoration needs (¢.g. clean up levels).

Sludges contained in tanks may have to be removed by
digging or excavation. Some sludges with more hazardous
characteristics may require special considerations based on
the classification of these materials as RCRA hazardous

wastes.,

-2 2= “During the selection of removal methods, accessﬂ:ilitf--;_aﬂlays "

an important role. Mechanized equipment could lower costs
if they have access to the contaminated area. Shovels and

" ‘Excavation - Tanks and Lagoons
' (Solﬂnusdugflmd

et 5
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PERFORMANCE:

DRAFT

front end loaders would be the most appropriate equipment
in many instances for soil/residue removal.

Conventional soil excavation methods are applicable o
most sites and the selection of types of equipment and
techniques will depend to a large extent on the depth of
contamination, soil type, total volume 2nd schedule for
removal.

2 Excavation - Tanks and Lagoons
V!-' (Soll/Residue-Removal)

008202

b B i il e




3.0

TREATMENT TECHOLOGIES

3.1

IN SITU TREATMENT
SUBSURFACE BIORECLAMATION
SURFACE BIORECLAMATION
SOILFLUSHING L
CHEMICAL TREATMENT FIXATION
AIR/STEAM STRIPPING

ON-SITE WATER TREATMENT
ACTIVATED SLUDGE

AERATION TANK

FIXED BED

BIOFLOWSM

SEQUENCING BATCH REACTOR
TRICKLING FILTER

STEAM STRIPPING
BIOFILTRATIONSM

CARBON ADSORPTION

CHEMICAL OXIDATION
DISSOLVED AIR FLOTATION
EVAPORATION

FILTRATION

PHYSICAL CHEMICAL SEPARATION
ION EXCHANGE
NEUTRALIZATION

UV CHEMICAL OXIDATION
PHOTOLYSIS

"'REVERSEOSMOSIS’“ e A -
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3.3

3.4

SOLVENT EXTRACTION
WET AIR OXIDATION

ON-SITE SOIL/RESIDUE TREATMENT
COMPOSTING

ENGINEERED BIODEGRADATION SYSTEMSM (EBDsSM,
INCINERATION

AIR STRIPPING (SEE SECTION 3.2)

STEAM STRIPPING (SEE SECTION 3.2)

SOIL WASHING

SONIC TREATMENT

STABILIZATION

THERMAL DESORPTION

OFF-SITE SOIL/RESIDUE TREATMENT
INCINERATION (SEE SECTION 3.3)
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3.1

INSITU TREATMENT
SUBSURFACE BIORECLAMATION
SURFACE BIORECLAMATION

SOIL FLUSHING

CHEMICAL TREATMENT FIXATION
AIR/STEAM STRIPPING
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MEDIUM;
PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTERES I:

TECHNOLOGY
STATUS:

DESCRIPTION:

SUBSURFACE BIORECLAMATION
(In Sity Treatment)

Subsurface soils/groundwaters,

Biological (aerobic of anaerobic) oxidation apg
adsorption/desorption,

Petroleum industry, wood treating sites, coking and coal
tar distillation sites, and manufactured gas plant sytes
chemical plants and other industries. Generally applied
o restoration of soilg contaminated by leaky
underground storage tanks.

Conventional pollutants, phenolics, polynuclear
aromatic  hydrocarbons (PAH), volatjle organics,
polychlorinated biphenyls (PCB), and biodegradable
tnorganics.

Bench-scale, _ pilot-scale,  full-scale. Engineering
technology with increasing full-scale applications to a
wide range of site restoration issues.

with biodegradable organics and inorganics, [t is a
process whereby groundwater, containing  sufficient
additives, is recirculated through a contaminated
subsurface soil/groundwater Zane in such a manner so 35

for subsequent iodegradation of contaminants, As
illustrated in Figure 1, the process involves the addition
of nutrients and an electron accci)tor source, e.g. oxygen
to stimulate the growth of naturally occurring bacteria to
utilize the organics both as an energy saurce and a food
source. Both aerobic and anaerobic conditions apply.
Surfactants may also be added to aid in the desorption
of chemical contaminants from soil particles into the

treated in above ground treatme. .t processes and then
discharged or reinjected back into the ground providin
---—~==a cyclic flushing action of the subsurface contaminate
scag. Such above ground treatment may only involve
only oilfwvater separation or_also be designed for

008206
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such a process is to enhance biolo cal activity in sity 1o
the degree that bicdegradation o?soil contaminants s
enhanced beyond the degree 10 which contaminant
reduction would occur with Just soil ushing alone.

g reduction of soluble chemicals, The main objective of
PERFORMANCE: Numerous bench-scale, pilot-scaje and full-scale use of
in situ Subsurface BioReclamation treatment has been
demonstrated.  To date, most full-scale applications :
. ....have focused on restoration of soils and groundwaters
, - contaminated by soluble hydrocarbons ~ from leaky
-~ underground storage tanks, eg. volatile organics.
Keystone Environmental Resources, Inc. is presently
“involved in both laboratory berch-scale and full-scale in
situ Subsurface BioReclamation treatment of soils and
groundwaters contaminated with phenolics including
pentachiorophenol, polynuclear aromatic hydrocarbons,
and volatile aromatics. Bench-scale work demonstrated
pentachlorophenol reduction  from an initial  soil
concentration of approxmately 13,000 mg/kg (d
weight) to approximately 1,000 mg/kg in an eight weelz
period where in situ subsurface bioreclamation was
simulated,

I {

208208

In situ Subsurface BioReclamation, possibly used in
comunction with soil extraction o remove bulk

with  subsurface contamination - around existing
Structures where excavation is impractical.

!

!

B
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i . i and 1
i The technique ‘may prove especially valuable. o goc]
|

i

!
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SURFACE BIORECLAMATION
(1 Situ Treatment)

MEDILUM: Surface sotls.

PROCESS TYPE: Biological aerobic oxadation, volatilization,
‘ adsorption/desorption and photolysis.

RELATED SITE

EMPERIENCE: Petroleum industry, wood treating sites, coking and coal
tar distillation sites, manufactured gas plant sites,
chemical plants and other industnes.

APPLICABLE

CHEMICALS OF

INTEREST: Conventional  pollutants,  phenolics,  polynuclear
aromatic hydrocarbons (PAH), volatile organics.
polychlorinated biphenyls (PCB), and biodegradable
INOf3anics.

TECHANOLOGY .
STATUS: Bench-scale, pilot-scale, full-scale.  Established

technology with increasing regulatory control.

DESCRIPTION: In situ Surface BioReclamation refers to the treatment
of surface contaminated soils to biodegrade and
immobilize chemical contaminants of interest. The
upper 0.5 to 1.5 feet of the surface is managed to
promote the growth of indigenous acrobic
microorganisms to biudegrade contaminants and to
promote immobilization of contaminants. In this system,
contaminated surface soil, such as that resulting trom 2
spill, is treated in place.

008209

Figure 1 schematically depicts those factors which must
be considered to properly manage an in situ Surface
BioReclamation treatment process. As Sj\{en treatment
generally consists of optimizing conditions of pH,
temperature, s0il moisture content soil oxygen content,
and nutrient concentration to stimulate the growth of
microorganisms that will feed on the chemical
contaminants present. Attention must also be given to
evaporation, contaminant volatilization, control of
precipitation run-on and run-off, and other amendment
addition. The soil must also be periodically tilled which
aids in aerating the soil and exposing new soil surfaces to
biodegradation. Transport of contaminants into the
subsurface via percolation of water must also be
o laddressed. T T T e e

Biodegradation of chemicai contaminants occurs
through the interrelated processes of chemical
desorption, solubilization and subsequent

tment

riess
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| FIGURE 1
INSITU SURFACE BIORECLAMATION TREATMENT PROCESS SCHEMATIC
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biodegradation.  Depending upon the particular
chemicals to be treated and site specific conditions,
volatilization can also accoumt for soil reductions of
volatile chemicals. At the same time these processes are
occurring, photolysis may also be influencing the overall
mechanism of soil treatment. Photolysis refers to
photochemical reactions resulting from the absorption
of light energy, generally from sunlight in natural
- systems. Since U'V light does not penetraie very far into
soils, photodegradation of soil contaminants is limited to
soil surfaces. The addition of proton donors in the form
~-of polar solvents, such as methanol, can enhance surface
photodegradation of soil contaminants. For example, -
photolysis of dioxin (TCDD) on soil surfaces has been
reported in the presence of methanol. In such systems,

distinguisking among the different physical/chemical and
biological processes is difficuit.

PERFORMANCE: In situ Surface BioReclamation treatment of soils is a
" proven technology for biological degradation of organic

matertals from petroleum refineries, wood treating

facilities, chemical plants and many other industries

which have wastes containing biodegradable organic and

inorganic chemicals. Chemical contaminants are treated

to the degree that they are immobilized in the soil and

thus do not pose a potential risk via migration and

resulting groundwater contamination. properly

dcsi?'lcd and operated facility should be able to provide

0

the tollowing reductions in the following chemicals of
interest;

1) 40 percent reduction of freon extractables.

2) 61 to 90 percent reduction in total PAH
compounds, including 80 to 90 percent reduction
in Z-riﬁ{l"AH’s, 82 10 93 percent reduction in 3-

ring PAH's and 21 to 47 percent reduction in 4+
ring PAH's.

3)  Converts an.monia to nitrates, which are readily
used in soil oxidation reactions.

4)  Degrades cyanides.

5) Metals are believed to be immobilized in the soil
thereby preventing their migration to the ground

008211
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MEDIUM:
PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF

INTEREST:

TECHNOLOGY
STATUS;

SCRIPTION;:

DRAFT

SOIL FLUSHING
(In Sity Treatment)

Surface soil and subsurface soils/groundwaters.

Physical/chemicaj processes including

adsorption/desorption and enhanced qu!ubirlri;;a;igg,;gfﬁj;W,;;;;;;,;

chemicals in solution. -

None.

Water soluble compounds of interest, e.g. phenolics, are
most applicabie. Ompounds having reasonable water
solubility  (volatile organics, two-and three-ring
polynuclear aromatic hydrocarbons (PAHs)) may be
applicable. Visible oils ang PAHs could be aﬁflicab!c if
surfactants or organic solvents can be used. etals and
insoluble cyanide saits arc patentially extractabje using
acid or chelant agueous wasﬁ.o

Emerging technology, bench-scale, pilot-scale, full-scafe
(limited).

In situ soil flushing utilizes the concept of contaminang
reductions 10 soils Ly the process of continuously passing

%?undwatcr Via pumping wells or collection trenches,

e liquid solution is treated for reduction of the
extracted chemicals of interest and then recycied for
additional soil washing. Figure | depicts groundwater
bcing:ollected and reinjected via trenches but wells can
also be psed.

The effectiveness of this technoloy requires ap
understanding of two basic mechanisms which

. .chemicals of interest are held within a soi} environment.
---—=0One is the chemical adsarption of contaminants to soil

particles and the other involves the retention of

1 ) In Situ h;iatmnt
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PERFORMANCE:

DRAFT

chemical contaminants of interest, To aid in enhanced
chemical desorption angd subsequent solubilization, the
following additives may be added: (i) surfactants, (i
chelating agents, (iii) acids or bases for pH control, ( w%
organic solvents, (v) polymers and (i) steam, The
choice of the additive or additives for a particular
application is primarily dictated by the chemical(s) type,
the soil characteristics, and the compatibility of '(he
additive(s) with the particular treatment system seiected

_ for the recirculated groundwater,

Extensive research and development type work has been
conducted. Usually, in situ soj| flushing is coupled with
in situ biodegradation of chemicals of interest. For this
reason, very limited data is available addressing in situ

For in situ soil flushing 1o be successful, the proper

hydroieologic conditions must exist with the application
being highly site specific.

2 . In Sitw Treatment
$oll Flushing

S pets s
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MEDIUM:

PROCESS TYPE:

RELATED SITE

EXPERIENCE:

APPLICABLE

CHEMICALS OF

INTEREST:
TECHNOLOGY
STATUS:

D RI

DRAFT

CHEMICAL TREATMENT/FI XATION
(1a Situ Treatment)

Surface soils, subsurface soils;groundwaters,

Physical/chemical processes  including adsorpuon,

complexation, precipitation and chemicat
oxidation/reduction,

None.

Inorganics, metals and same selected organics.

For the reason that in sity chemical treatment/fixation is
such a novel approach, no published sound scientific
data is readily accessible. All published information
available relates to chemica bixation processes in wel)
controlled process reactors. To implement chemical
treatment/fixation technologies in sity will require
extensive  basic resecarch  before full-scale
implementation can proceed,

In situ chemical tréatment/fixation of a contaminated
area involves the use of 3 physical/chemical reaction to
immobilize, destroy or detoxify a chemical or chemicals

targeted in site soils and groundwaters. Chc_m_scal agents

subsurface soils/%:)undwatcrs where targeted chemicals

¢ major physical/chemical process
categeries  applicable  tg in  sitv  chemical
treatment/fixation are:

0 Irnmobilization
0 Chemical Degradation
o Volatilization Reduction

within acceptable limits, The primary immobilization
mechanisms  are adsorption, jop ¢xchange, and
precipitation.

_____Adsorption is potentially applicable to both otganic and
7 “inorganic chemicals. ‘Heawy metals in soil may be
‘immobilized by mixing contaminated soil with 8 good

adsorbent, or mixture of adsarbents, for the metals
present, or with a metal complexating agent that binds

1 . In Sitw Treatment

Chemical Tnum;gn y

008215
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the metal into a complex that strongly adsorbs to soil.
Jon exchange mainly applies to metals where the
cationic exchange capacity (CEC) of soil can be altered
t0 increase WUs capaciy 1o immobilize cationic
compounds. Precipitation refers to a chemical balancing
mechanism involving the addition of chemical agents to
achieve precipitation of metals over complexation. The
addition of sulfides, carbonates, phosphates and

. hydroxides to metal comtaining soils and groundwaters

can immobilize the metals by precipitation of a highly
insoluble compound.

Chemical  degradation  techniques refer to
oxdationreduction and  polymerization reactions
carried out in situ to transform soil contaminants into
fess toxic or less mobie products. Possible addizing
agents include ozone or hydrogen peroxde. Possible
reducing agents inciude catalyzed metal powders of iron,
zinc or aluminum. If a soil is contaminated with
polymerizable organics such as stryene, vinyl chloride,
1soprene, acrylonitrile, or methyl methacrylate, mixing of
iron and sulfates into the contaminated arca may
catalyze the in situ polymetization reaction. The
polymers are commonly less toxic and less mobile than
the monomers from which they are formed.

Volatilization reduction applies to suppressing chemical
volatilization from soils with the added benefit of
retaining compounds within the soil system for a long
¢nough time to allow for other in situ treatment by one
of the mechanisms or biodegradation. The most
practical method of suppressing volatilization is to
reduce the soil vapor pore volume through which the
transport of vapors occurs. This can be done by
compaction or addition of water to reduce the air-filled
pore spaces within the soil relative to the water-filled
pore spaces.

As previously stated, there has been very little operatin

experience with the use of in sity chemica
treatipent/fixation of contaminated surface soils and
subsurface  soils/groundwaters. Research  should
continue in this area for the reason that this technology
eliminates the need for off-site disposal »f contaminated
materials. There is low risk of exposure to buried waste
when injection and complete teaction is accomplished.
However, the technology has limited applicaticns and
usually requires long-term land use restrictions at the
site along with environmental monitoring. Also, reaction

.. and immcbilization may be incomplete, and there may
- ~be some desorption from ‘repeated flushing by

groundwater, resulting in subsequent off-site migration
of the constituent.

2 . In Sits Treatmeat
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For in situ chemical tre

the proper hydrogeologic conditions my

application being highl

y site specific.

atment/fixation to be successful,
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PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY

-

STATLS:

DESCRIPYION:

AIR/STEAM STRIPPING
(Tn Situ Treatment)

Surface soils.

Physical/chemical desorption volatilizatio, and
advection.

Remediation of relativply small surface soil areas
contaminated with volatile organics from solvent spills
and leaky underground storage tanks.

Volatile organic compounds. (VOC), volatile inorganics.

Emerging technology, bench-scale testing, pilot-scale
testing, full-scale design and implementation,

In situ air/steam stripping is an emerging site restoration
technology proven effective for the removal of volatile
orFanic compounds (VOC), ¢.g. benzene, toluene, and
Xylene, from contaminated ‘soils in the unsaturated zone
as a means of source control, The technology may also
have some application for the removal of volatile
inorganics, e.g. ydrogen cyanide and hydrogen sulfide,
from soil. The process invalves the remova of volatile
chemicals from soil by mechanically venting air and/or
Steam through the unsaturated  soj layer.  The
contaminated soils are gradually remediated as the
volatiles are stripped from the soif, Most applications
have dealt with ajr stn'ppinﬁ though steam coylg also be
used. Heated air passing through the soij may enhance
the rate of chemical desorption and subsequent
volatilization abowve that which would be achieved by air
stripping alone.

The processes which influence soil stri ping include: (i)
adsorption and desorption of V from the soil
pani:fcs. (ii) the volatilization of the desorbed V
and (iii) ¢he movement of contaminated air through soil
voids by advection. Two key factors that affect these
rocesses and enhance the success of $0il stripping are
Erw soil moisture to provide for adequate advection and
volatility of the chemicals 10 be stripped. As illustrated
in Figure1, these processes are mechanically controlied
by the continuous injection and xtraction of air or

DRAFT

' enhance chemical volailization. While Figure 1

L . Ia Sitw Treatment
Alr/Steam Stri :
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PERFORMANCE:

shows wells as point injectors and collectors, trenches
can also be used. After collection, the air is drawn to the
blower unit where the various collection wells or
trenches are tied into manifold. Each incoming line
can be equipped with a vacuum gauge and valve so the
System can be fine tuned tq Meet any air discharge

requirements. Treatment of the vented gas is also an
option.

Process shown to be technically viable for the significant
reduction of trichloroethylene (TCE) in soil resulting
from leaky gasoline stora € tanks. Soil venting through
air/steam stripping  offers g potentially low-cost
treatment racthod that s ideal for conditions where
some cleanup is fiecessary and soil excavation may not

cconomically justified or s not practical becayse

there are buildings and Process equipment over ihe
contaminated soil,

For in situ air/steam Stripping to be successful, the
proper hydrogeologic conditions must exjst with the
application being highly site specific.
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VITRIFICATION
(Ia Situ Treatmeot)
MEDIUM: Subsurface soils,
PROCESS TYPE: Thermal.

RELATED SITE
EXPERIENCE: Pilot scale treatment of polychlorinated biphenyls (PCB)
contaminated surface soil,

~APPLICABLE T T

CHEMICALSOF . ..

INTEREST: Metals, phenolics, polynuclear aromatic hydrocarbons,
volatile organics, pesticides, PCB, inorganics. Not
applicable if organic content is high.

TECHNOLOGY
STATUS: Developing technology, bench-scale and pilot-scale.

l DESCRIPTION: Vitrification is a highly energy intensive process which
converts contaminated soil into a glass (amorpous) and

N ' crystaline mineral matrix that has chemical durabili
= properties similar to granite. Vitrification, at typical soil
melting temperatures between 1100 and 1600°C, will
s l destory organics and fix non-volatile metals into a
' ronleachable solidified melt. The most commonly
. proposed vitrification technique is ISV (in situ
vitrification). In this procedure, the contaminated sail is
l not excavated but is vitrified in place. The energy
required to heat and melt the soil is supplied by applying
electric current to elecirodes buried 1n the soil. Since
I the molten soil 8 conductive, it is heated by its own
resistance (joule heating). For this process to be cost
effective, the contamination must be deep (at least 6
' feet) and soil moisture must be less than 25 percent.
Large sites can be treated by successive vitrification of
adjacent blocks or zones of soil. Any soil vitrification
process will produce off-gas containing steam, volatile
l metais, products from combustion of any organics in the
soil as well as the organics themseives, and some

I particulates. This off-gas must be collected and treated.

In situ vitrification (ISV) is essentially a batch process
where soil/waste is vitrified in large blocks. the
technique in Figure 1 shows four carton or molybderum
clectrodes placed in the soil 10 to 18 feet apart. The
-electrodes are connected (in an X pattern) by 2-inch-
deep trenches filled with frit and graphite. The
square of soil is covered by a fume hood that is
connected to a gas scrubbing/emission control system.
-z When ]power (up to 3750 k'W at 4160 V) is applied to the
' - -four electrodes, the glass frit/graphite mixture initiates

{a Sity Treatment
Vitrification
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PERFORMANCE:

DRAFT

““heats the a
Ofganic compounds that are present. The volariles, any

conductance and s uickly heated 1o soij] meling
temperatures (1100 toCIGOOUC). As power is continued
10 the system, the soil around the molten glass/graphite
is melted and becomes conductive. The size of the me]t
Zone increases until it includes not only the volume
between the electrodes, but extends slightly beyond
thern. The depth of the melt should be at least 6 feet
and the ISV process becomes Samewhat less costly as
the depth increases. |In ISV, the soil block is melted
from the t(ﬂ: down and as the melt Zone progresses, jt

jacent soil. This volatilizes or pyrolysis any

Pyrolysis products, and the steam from the soil moisture
Ppass through the melt and are heated to the melt
lemperature, The organics are then oxidized when thgy
contact the hot air directly above the melt. These off-
gases are collected by the fume hood and treated in the

removal in a venturi Scrubber, and possib| a fine
particulate removal device such as a baghouse filter or a
mist eliminator.

In sity vitrification has been demonstrated through a
pilot-scale test in which over 400 tons of PCB
contaminated soil was treated. Laboratory bench-sco's
vitrification testing of soil with ap initial PCB
concentration of approximately 500 mg/kg achieved an
overall destruction removal efficiency (lgRE) greater
than 999 percent for methyl  ethyl * ketone,
formaldehyde, toiuene, trichlorethylene and carbon
tetrachloride.

For in situ vitrification to be successful, the proper

hydmicologic conditions must exist with the application
ighly sits specific,

2 . Ia Sito Treatment
Vitrification
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ACTIVATED SLUDGE
{Ex Situ Treatmeat)

MEDIUM: Contaminated pumped groundwaters, segregated
surface water and process wastewaters.

PROCESS TYPE: Biological Oxidation

RELATED SITE
EXPERIENCE: Petroleum industry, wood treating sites, coking and coal
tar distillation sites, manufactured gas plant sites,
" chemical plants and other industnes. Commonly used to
treat industnal process wastewaters.

4| e

v l ik
b DHL FRE

APPLICABLE

CHEMICALS OF

INTEREST: Conventional pollutants, phenolics, oil and grease,
poiynuclear aromatic hydrocarbuns (PAH), volatile
organics, biodegradable inorganics, polychlorinated
biphenyls (PCB) and dioxins/furans.

TECHNOLOGY .
STATUS: Well established technology for the treatment of

industrial “conventional" parameters. Bench-scale, pilot-
scale, full-scale.

008225

DESCRIFPTIONS: The activated sludge process utilizes a biological slurry
containing an active mass of bacteria to achieve
microbial oxidation and assimilation (treatment) of
wastewater. A ical schematic diagram of a
conventional activated sludge system is shown in Figure
1. Raw wastewater (influent) entering the aeration
basin normally receives some pretreatment.  This
pretreatment is typically for the remova!l of easily settled
solids cr other suspended matter, such as oil,

Following pretreatment, the influent is introduced into
an aecration basin where it comes into contact with a
bacterial culture which is maintained in suspension. The
aeration tank contents are referred to as the mixed
liquor. Under proper conditions, the microorganisms
convert the organic astes into microbial cells, carbon
dioxide and water.

Industrial aeration basins typically have surface and/or
deep impellors in arder to provide complete mixing of
the influent and mixed liqguor. An cxygen supply adds
oxygen to the aeration basin to provide an zerobic
cordition for the biological population. The pH of the
incoming wastewater or mixed liquor must be controlled
-in order to provide proper conditions for the R
. LT Imicroorganisms. A neutral pH is usually required for - - )
normal activated sludge systems. The influent to the

[ e e = e

- DRAFT R  ExSite Treatment
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SCHEMATIC DIAGRAM OF A CONVENTIONAL ACTIVATED SLUDGE SYSTEM
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aeration base or mixed liquor in the aeration tank can be
pH adjusted by adding caustic ar acid to bring the pH to
near neutral. Supplemental nutrients in the form of
nitrogen and/or phosphorus (N,P) may be required if the
raw wastewater stream is defficient of these nutrients.
In colder climates supplemented heat may also be
required in order to maintain an acceptable temperature
range for biological activity.

. One of the important parameters for the treatment of
the incoming wastewater is its retention time within the

" acration tank. This is referred to as the hydraulic
_ retention time (HRT), and is defined as the ratio of the

aeration tank volume (V) to the influent wastewater
flowrate (Q). Another important parameter is the solids
retention time (SRT). The SRT refers to the amount of
time the biomass (biological solids) remains in the
aeration tank-settling system, it is also referred to as the
mean bactenal cell residence time.

The treated mixed liquor is passed from the aeration
tank 10 a settling tank (clarifier) after a specified HRT.
The microbial solids are then separated from the treated
effluent in the clarifier. The treated effluent, which is
typically low in suspended solids concentration, is ready
for discharge. Industrial discharge from activated sludge
sggm may be sent to a public owned treatment wor
(POTW), surface water discharge (NPDES), receive
additional treatment, or reused.

The settled siudge from the clarifier is concentrated and
a portion is recycled to the aeration tank with the
remaining portion disposed (wasied). The portion of
sludge returned to the acration basin is referred to as
recycle sludge, and is used to maintain a desired
concentration of organisms in the basin. The ratio of the
recycled sludge flowrate to the wastewater flovrate is
referred to as the re?clc ratio (r). The wasted portion
(waste sludge) of sludge corresponds to the new growth
of cell tissue or solids produced from the
microorganisms continually synthesizing. Wasted sludge
usually receives some additional treatment (thickening,
dewatering) prior to its ultimate disposal. The degree of
wasting ulumately determines the system SRT. At alow
wasting rate, the SRT would be relatively high due to the
fact that solids will remain in the system longer.

Activated sludge treatment is a proven technclogy for

removal of biodegradable organics from domestic

wastewaters, and und waters/surface  waters
contaminated with tar based chemicals. A properly

~ —designed ‘and operated activated ‘sludge treatment -

process can generally achieve:

2 Ex Stiu Treatment
) -Activated
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Greater than 99 percent removal of phenolics,
Between 80 to 99+ percent removal of
polynuclear  aromatic  hydrocarbons  and
naphthalene,

Greater than 99 percent removal of purgeable
aromatics,

Between 90 to 99+ percent removal of Jil and

e GTEASE, ,

0

0

0

Between 80 to 99+ percent removal of total
... . Organic carbon,

Between 90 10 99+ percent removal of ammania
and non-complexed cyanide and

Greater than 99 percent removal of thiocyanate.

3 Ex Situ Tmtmem
) Activated Sludge
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MEDIUM:
PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECENOLOGY

DRAFY

AERATION TANK
(Ex Situ Treatm ent)

Contaminated pumped groundwaters, segregated
surface waters and process wastewaters.

Biological Oxidation

Petroleum industry. wood treating sites, chemical plants
and other industries, Commonly used ta treat industrial
process wastewaters which are applicable to biological
tréatment,

Conventional pollutants, total organic carbon, phenolics,
oil and grease, polynuclear aromatic hydrocarbons
gég)), volatile organics, and polychorinated biphenyls

Well established technology for the treatment of
industrial “conventional" parameters when an effluent
suspended solid concentration. in the 100 to 1000 ppm
range is permissable. Bench-scale, pilot-scale, full-scale,

Figure 1 shows a basic schematic diagram of an aeration
tank system. The raw wastewater (influent) normally
Teceives some qz:jtreatmcm prior to entering the
aeration basin. is pretreatment is typically for the
removal of easily seitled solids or other suspended
matter such as oil. Pretreatment may include gravity
settling along with chemical additions to enhance the
rectoval of these materials (chemical additions mainly
far ail removal).

The pretreated influent is then introduced into a reactor
(aeration basin} where it comes into contact with a
bactenial culture which is maintained in suspension. The
acration tank conténts are referred to as the mixed
liquor. Under proper coanditions, the micraotganisms
convert the organic wastes into microbial cell tissue,
carben dioxide and water.

Acration basins typically have surface and/or deep
i:ﬂ)eilon in order to provide complete mixing of the
influent and mixed liquor. Oxygen is added to the
aeration basin to maintain an acrobic condition for the
biological population. The pH of the incoming

_wastewater or the mixed liquor must be controlled in
order to provide pl;grer conditions for the
pH

microorganisms. A neut is usually required for

1 Ex Sita Treatruent
h Aeration Tank

pedi UL R
5 RN

00822°




R = o R NN MR S8 N W B A ESa S = e

1 b
3
'v‘_;‘-:i — -
¥ FIGURAE ¢
P SCHEMATIC OIAGRAM OF AN AERATION TANK SYSTEM
SRS ACF A !
- IWEFY Ml e
* SR p e NBAL ML NT
P fe 0 ALHETION — ————
: i (AS MEEk O

PR U IO

i . (a5 MEEOELH I
%

[ —
R f C’TC
PHLE THE A TMENTE USEUE § v FE QErEREE) F oot AE TN
"3 Rin REMOVAL OF SUSPENDELY MATERTALS. 735k
i FMFE LENT QIS ¢TC BY PATMANY SETTLING 1
by ANE QR AT PIYSICAL Mt ANS i ! : j
' | i
S I i ;
. I
I ) orsegal l '
. . gff LS 1 .
' S LRE SLEATEMEN AL PERT . . ' !
I . A . EPeFSE N SeFEFE Y :
3 . (1F RE trEme 1
IR 1 L
) i P2 ATELE BEF Lo WE LS
! PN TV S T TRV E R DY S 0 R L -
IS . IR SR A PLLUNEE FRRFTXE 5 SR I I T
g: . LTI VLTI ) ’
T e ekt A wAferE ¢ T T
L L A FIELISE
.
. .
. ' I
B »
V
IO ;! I T A T
- b d
| 008230 o C :
; L 'y G ool | ild R
u . . N
NV -

008230



DRAFT

normal aeration tank operation. The influent to the
aeration basin or mixed liquar in the aeration tank can
be pH adjusted by adding causti " or acid to bring the pH
to near neutral. Supplemental nutrients in the form of
nitrogen and/or phospharous (N,P} may be required if
the raw wastewater stream does not contain sufficient
amounts of these nutrients, In colder climates
supplemental heat may also be required in order to
maintain an acceptable temperature range for the

__microorganisms.

“The treated mixed liquor is sent from the aeration tank

to discharge or to additional treatment, ¢.g. solids

- Yemoval. Additional treatment for solids remaval js oniy

necessary if there is a limit on the suspended solids
concentration in the treated effluent being discharged.
Industrial discharges from aeration tank systems may be
sent to a public owned treatment works (PO'IyW),
surface water discharge (NPDES), or reused.

Agsration tank treatment is a proven technology for
removal of biodegradable organics from domestic
wastewaters and  ground  waters/surface waters
contaminated with coal tar based chemicals, Aeration
tank treatment is similar to activated sludge treatment
with the exception that the mixed liquor suspended
solids are discharged with the effluent rather than
recycled. A properly designed and o rated aeration
tank treatment process can generally achieve:

0 greater than 99 percent removal of phenolics,

0 between S50 to 99+ percent removal of
polynuclear  aromatic  hydrocarbong and

g

00823
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naphthalene,
o between 60 to 99 percent removal of it and
- grease and
o between 80 to 98 percent removal of total organic
carbon. ]
2 . ExSite Treatment
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SEDIUM;

PROCESS TYPE:
RELATED SITE
EXPERIENCE;

APPLICABLE.
CHEMICALS 9F

INTEREST:

TECHENOLOGY
STATUS:

DRAFT

- :-pperating tnodes exist for fixed bed systems,

FIXED BED
(Ex In Situ Treatment)

Con‘aminate¢ pumped groundwaters, segregated
surface waters and process wastewaters,

Biological Oxidation

Waod treating sites, coking and coal tar distillation sites,
and chernical plants.

Conventional rPa!}utants, Fo!ynuclear aromatic
hydrocarbons (PAH), ohenolics, volatile organics,
biodegradable inurganics, polychlorinated biphenyls

(PCB) and dioxins/furans.

Established technology that has been used in the
wastewater treatment industry for more than 50 years.
However, its use was minimal until recently when more
sophisticated dcsiFns were developed. Bench-scale,
pilot-scale, full-scale.

The fixed bed process if effective in treating wastewaters
that contain less than 100 ppm in organics and are
becoming increasingly g(e:pular as regulations governing
wastewater discharges become more stringent. Several
designs developed in recent years have been proven to
work efficiently. Typical designs include column type
structures with synthetic packing providing the contact
area necessary for media growth,

Fixed ted technology invoives the process of degrading
wastevaater contaminants through microorganisms that
are attached to a fixed media such as synthetic Fack:ing,
wire mesh, or filter stone. The basic design of a fixed
bed process is similar to that of a trickling filter except
that the media is submerged in the wastewater. Both
aerobic and anaerobic decomposition of biodegradable
wastewater contaminants can be performed with a fixed
bed system. An aerobic fixed media process requires an
external oxygen source. Severs! ditferent desxlgns and
igure 1
represents a schematic flow diagevm of a iypical fixed
bed process. e

Following primary settling and/or cil/water separation,

wastewster is pumped into the fixed bed biological

reactor from ¢ither the top or bottom, Air is supplied
through the base of the reactor if aerabic conditions are

1 | ExSite Treatment
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PERFORMAMNCE:

DRAFT

required. The treated effiuent can flow by gravity or be
pumped for discharge, reuse, or additional treatment.

Fixed bed treatment is a proven technology for removal
of biodegradable organics from domestic wastewaters
and groundwaters contaminated with coal tar based
chemicals. A progerlgedesigncd and operated fixed bed
treatment system has been shown to achieve:

0 Greater than 90 percent removai of phenolics,

0 Greater than 80 percent remaval of polynuclear
' aromatic hydrocarbons and

o ”'“;\Pproximately 60 percent removal of total
organic carbon.

2 Ex Sitc Treatment
) Fized Bed
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MEDIUM;:

PROCESS TYPE:

RELATED SITE

EXPERIENCE;

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:

RESCRIPTION:

BIOFLOWSM
{Ex Situ Treatment)

Contaminated pumped groundwaters, segregated surface
waters and polishing treatment for process wastewaters.

Adsorption/desorption and aerobic or anaercbic brologiczl
oxidation,

Wood treating industry,

Conventional pollutants, phenolics. polynuclear aromatic
hydrocarbons (PAH), volatile organics, biodegradable
inciganics.  polychlorinated  biphenyls (PCB) and
dicxans/furans.

Develaping technology. Bench-scale, pilot-scale.

BioFlowsM js a roprietary process developed by Keystone
Environmental Resources, Inc. for the treatment of slightly
contaminated pumped groundwaters and polishing
treatment of process wastewaters. In general, it is a
biological process which combines the treatment
capabilities of contaminant adsorption and bindegradation
in a vessel type reactor.

As illustrated in Figure 1, an influent stream containing
chemicals ot interest is treated biolcgically in a reactor.
Added chemicals of interest are first adsorbed onto media
int the reactor. Conditions are maintained in the reactor to
achieve subsequent biodegradation of the adsorbed
chemicals which in effect biologically regenerates the
adsorption media. Proper conditions are mamntained in the
reactor via supplemental nutrients and chemicals added in
the influent stream. A certain recirculation of effluent is
also provided to achieve the proper reactor hydraulic
retention time (HRT). The treated effluent flowrate
corresponds to the influent flowrate,

Through bench- and pilogsgale tesing, Keystone has
demonstrated that BioFﬁygﬁais a proven tecﬁology for

removal of adscrbabie and biodegradable chemicals i,
water and wastewater effluents. While a BioFl
treatment unit con be designed 2nd operated to achieve
different effluent requirements, the data presented in Table
1 gives results of bench-scale work examining treatmenit of
pumped contaminated groundwater from a previously

.- operate treating site. These results support that
' B?:Flov.%

reactor treatment offers a viable polishing

- 'Ex Site '1mm;ﬂ
' BioFlow”
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SCHEMATIC DIAGRAM OF

KEYSTONE'S BioFL QW SM REACTOR
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TABLE L

| KEYSTONE'S BIOFLOWSM TREATMENT
‘ PERFORMANCE MIGHLIGHTS

INFLUENT EFFLUENT PERCENT LI
PARAMETER CONCENTRATION CONCENTRATION REDUCTION
TOC 213 2.2 %)

BOD-TOTAL 15.5 < 1.00 Co> 94
BOD-SOLUBLE < 1.00
COD-TOTAL 65.0 110 83
COD-SOLUBLE - < 10.0 _
OIL & GREASE < 6.00 < 6.0 L N
PHENOLS (4-AAP 0.354 < 0.005 I > 99 )
TOTAL DI. LVED SOLIDS 161.0 125.0 S 22
VOLATILE DISSOLVED SOLIDS 380 6.0 b B4
FIXED DISSOLVED SOLIDS 123.0 119.0 T 3 g
PENTACHLOROPHENOL 85 0.00145 Lo >999 ’
PAH COMPOUND (ugfl) 3o
ACENAPHTHENE i 141 < 2.00 i >98
ACENAPHTHYLENE 114 < 2.006 0o > YR
ANTHRACENE 12 < (1.5(K) b 96
BENZO (a) ANTHRACENE . 0.8il < 0.020 : > 97
BENZO (a) PYRENE 0.332 < 0.020 b >97
. BENZO (b) FLUORANTHENE 0.518 < 0.020 3 > Y6
BENZO (g h, i) PERYLENE 0.457 < 0.050 > K
BENZO (k) FLUORANTHENE 0.158 < 0.020 i >HR7
CARB LE (ugh) 112 < 2.00 4 1 >N ‘
DIBENZ (ah) ANTHRACENE 0317 <000 e '

Y, a . < 0.030 ‘ ¥ >
FLUORA&H‘)HENE 11.8 < 0.200 ol > o ;
FLUORENE 925 < 0.200 T > 99
INDENG (123-¢d) PYRENE 0.249 < ().050 i >80 -
NAPHTHALEN 125 <200 > U8
NOTE: All results are expressed in mg/L unless otherwise noted. < values correspond to detectable concentrations. ; BN

i
008237 o | .
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PARAMETER
PHENANTHRENE

PYRENE
TOTAL PAH

TABLE 1 (Conatinued)

KEYSTONE'S BIOFLOWSM TREATMENT
PERFORMANCE HiGHLIGHTS

INFLUENT
CONCENTRATION

738
8.77
695

EFFLUENT
CONCENTRATION

< 0,500
< 0.200
< .00

" PERCENT
REDUCTION
> 9

> 9§
> 4999

NOTE: Al resulis are expressed ia mg/L uniess otherwise noted. < values correspond (o detectable concentrations.
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MEDIUM:

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNQLOGY
STATLUS:

DESCRIPTION:

e

008240

SEQUENCING BATCH REACTOR
(Ex Situ Treatment)

Contaminated pumped groundwater, segregated surface
walers and process wastewaters.

Biological oxidation

Treatment of contaminated groundwater from a
hazardous waste site and treatment of an industrial
landfill jfeachate.

Conventional  poliutants, henolics,  polynuclear
aromatic hvdrocarbons (PAHSs), volatile arganics,
biodegradable inorganics, polychlonnated biphenyls
(PCB) and dioxins/furans.

Established technology for treatment of domestic
wastewaters but industrial applications have been
limited. Bench-scale, pilot-scale, tull-scale.

Sequencing batch reactor (SBR) biotreatment is
essentially a fill-and-draw activated sludge process.
Each tank in the SBR system is filled with wastewater
during a discrete period of time and then is operated in a
batch treatment mode. After treatment, the mixed
liquor is allowed to settle for a predetermined amount of
time and then a specified volume of clarified
supernatant is withdrawn from the tank. The volume of
supernatant removed during the withdraw cycle is
dependent upon the desired hydraulic retention time
g\-ﬁl’[‘) and the capacity of the SBR tank. During the

lling, treatment, sedimentation and withdrawal phases
of the SBR process, the raw wastewater flow is directed
to another SBR tank in the system, as in a multiple tank
configuration. After the withdrawal phase of reaiment
is completed, the wastewater is drawn from the storage
tank and allowed to flow into the SBR system. Figure 1
presents a single tank in each of the five periods of one
complete cycle.

Following treatment in the SBR. system, the effluent can
be discharged, reused or receive additional treatment.
The waste sludge can be reused or disposal of.

Sequential Batch Reactor (SBR) treatment is a prdven
“technology for removal of biodegradable organics from

domestic wastewaters. In addition, limited testing has
shown that the SBR. process is also eFective in removing

ExSita Treatment .

008240




FIGUNE 13
SCHEMATIC DIAGRAM OF A SEGUENCING BATCH REACTOR SYSTEM
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DRAFT

viodegradable organics from contaminated ground
waters. Specifically, the SBR process has been shown to

achieve;

0 greater than 99 percent removal of phenalics,

o between 70 to 95 percent removal of ammonia
and
between 75 to 95 percent removal of total orgarmc

- ‘carbon.

2 - Ex Situ Treatment
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MEDIUM;

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF

TECHNOLOGY
STATUS:

D ON:

l INTEREST:

008243

TRICKLING FILTER
(Ex Situ Treatment)

Contaminated pumped groundwaters, segregated
surface water and process wastewaters.

Biological Oxidation

Woaod treating and industrial wastewaters which contain
an appreciable concentration of solubie biodegradable

. Qrganics.

Conventional  pollutants, henolics,  polynuclear
aromatic  hydrocarbons  (PAH),  biodegradable
inorganics, polychlorinated biphenyls (PCB) and
dioxans/furans.

Established technology for the treatment of domestic
and certain industrial wastewaters but no related site
experience is available on a full-scale basis. Bench-scale,
pilot-scale, full-scale,

The trickling filter process is an aerobic biological
treatinent process which is usually used to remove
soluble organic compounds found in wactewaters.
Trickling filters, in some cases, are also used to achieve
nitrification (the conversion of nitrogen in the form of
ammonia to nitrate). The trickling filter process is based
upon the pninciple in which a biological growth, attached
to a non-moving media, converts soluble organics
gresem in the wastewater into carbon dioxdde, water and

acterial solids. This system differs from the activated
sludge and aeration tank processes in that in the
trickling filter process the microorganisms are attached
to media fixed within the reactor rather than suspended
within a reactor.

Figure 1 shows a general schematic diagram of a
trickling filter system. The raw wastewater (influent)
may require some pretrealment prior to entering the
trickling filter. This pretreatment is typically necessary
for the removal of easily settlezole solids or other
suspended matter such as iree oils or tars. Removal of
these materials is necessary so that the filter dozs not
become plugged with solids or becomi= coated with an

oil layer, thus reducing the  filter's treagment ¥
... -—performance. , , -

"“The influent is sent to the trickling Siter and is applied to

3 . Ex Sitw Trestment
Ttlckliqg F&wr

il
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__the influent.

the filter media by means of a water distribution system
which allows the wastewater to be unitformly distnibuted
over the media. The wastewater then passes through
the filter media where the soluble organics and
suspended matter are absorbed and assimilated by the
microorganisms which are attached to the media. The
ideal media is a matenal that has a high surface area. is
low in cost, has high durability and does not clog easily.
In some cases, recirculation water (treated effluent) 15
recycled to the head of the system where 1t is joined by

After the wastewater passes through the filter it is

. _collected in an underdrain system. The underdrain

system collects the treated effluent and any solids which
have sloughed off of the media. The treated effluent is
then ready for discharge with a portion of the effluent
recirculated back to the head of the system. Discharge
options for trickling filter effluents inciude discharge to:
i) surface waters (NPDES), (i) municipal sewers
gPOTW) and (iii) reuse or polishing treatment.

Trickling filter treatment is a proven technology for the
removal of biodegradable organics from domestic
wastewater and has been proven on a pilot-scale basis
for wastewaters contaminated with coal tar based
chemicals. While a trickling filter unit can be designed
and operated to achieve different effluent requirements,
the data presented in Table 1 gives results of pilot-scale
work examining the treatment of process wastewater
from a wood treating operations. In general, these
results indicate that a trickling filter process can achieve
greater than 99 percent removal of phenolics and most
polynuclear aromatic hydrocarbons and greater than 80
percent reduction in total organic carbon content. It
should be noted that the efficient operation of a trickling
filter can be accomplished only for wastewater streams
that contain an amount of soluble organic which are
adequate to support a viable mass of microorganisms.

Ex Sits Treatmeat
Trickling Filter




TABLE 1

TRICKLING FILTER TREATMENT

PILOT-SCALE PERFORMANCE HIGHLIGHTS

Parameter [nfluent Effiuent

Phenolics '

~ Phenol, ugn 33000 < 10
Phenolics - (4AAP) 93 0.06
2-methylphenol, ug 16000 <10
4-methylphenot, ugi 36000 33

Polynuclear Aromatic Hyd s, U
Acenaphthylene 29 0.198
Acenaphthene 83 0.434
Fluorene 73 0.348
Phenanthrene 72 0.445
Anthracene 20.6 0.043
Fluoranthene 57.8 0.809
Pyrene 35.1 0.623
Benzo (a)anthracene 9.7 0.144

yrsene 1.8 0.137

Benzo (b)fluoranthene 28 0.085
Benzo {k fluoranthene 1.97 0.046
Benzo aﬁ ene 2.87 0.071
Dibenz (ah)anthracene 0.17 0.005
Benzo (g,h.t)perylene 1.0 0.037
Indeno (123-cd)perylene 0.8 0.035
Naphthalene 2833 1.216
venti ) tant
Qil and Grease 34 14
Total Organic Carbon 337 60
Total Dissolved Solids $37 393

Note: All values are expressed in mg/L unless otherwise noted.
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AIR STRIPPING
(Ex Situ Treatment)

MEDIUM: Contaminated pumped groundwater, segregated surface
waters and process wastewaters.

PROCESS TYPE: Physical separation

RELATED SITE 7 4 ,_2

APPLICABLE ' e o

CHEMICALS OF : T

N ST: Volatile organics, most polynuclear aromatic ’
hydrocarbons, ammonia and hydrogen sulfide.

TECENOLOGY

STATLS: Established technology for removing volatile organics
and ammonia from industnal wastewater. Bench-scale,
pilot-scale, full-scale.

D0B247

DRESCRIPTION: Air stripping tcchnelog% as applied to contaminated
water involves the transfer of volatile compounds from
the aqueous phase to the gas phase by passing air (or
inert gas) through the mixture. The efficiency of
separating volatile compounds is based on the
equilibrium partitioning of the compound between water
and air and mass transter rates of the compound within
the aqueous phase, across the gas-liquid interface and
within the gas phase. The partitioning of a dissolved
compound from water to air is a function of solubility,
vapor pressure and molecular weight, B

A typical flow diagram for an air stripping process using
a continuous countercurrent packed column is presented
in Figure 1. The packed column is most commonly used
for large volumes of water, difficult separations and
where high treatment efficiencies are required. Water
flows uniformly across the surfaces ot the packing
providing a high degree of contact with the rising air
stream. .

Contaminzated water can be pumped to holding tanks to

help provide a relatively uniform flow and feed

compoasition to the air stripping column. Adjustment of

pH can be performed when required. heating is

necessary to achieve im%scoved stripping performance,
contaminated waicr will be passed through a steam or

clectrically heated exchanger before entering the

stripping column. Treated water from the bottom of the

column will typi be discharged to a treated effluent

o .. SlOTage system 10 for momtoring befare discharge.
-+~ Contaminated air from the top of the column will pass
through a demister and often be treated in an activated

bt
LoEL
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carbon adsorber before it is discharged to the
atmosphere. Contaminated air can also be sent to an
exsting flare or fume incinerator if such a facility is on
site. €n the concentration of contaminated air js
lower than the regulatory emission limit, the ajr can be
emitted directly to the atmosphere.

A co-current bubble column or countercurrent spray
column can be used depending on the volume of water
to be treated, the required treatment period, and the

—type of water 10 be treated. [p 4 co-current bubble

column, air is dispersed into contaminated water by
means of a diffuser at the bottom of the column (Figure

--2). Mass transfer is a function of bubble size. The water

cnters at the base of the column angd exits the column by
means of an overflow weir. This type of stripping system
is applicable to contaminated liquid that has a significant
amount of suspended solids which might cause fouling.

Bubble air Stripping can also be used in surface
Impoundments.

In a countercurzent spray column, water is sprayed into
the air by nozzles at the top of the column and is

bottom of the column and is directed downward to
assure an even flow. Air exits through a demister at the
top. Spray columns are the most limited in range of
applications due to their limited kiquid throughput and

turm down potential, and the possibility of their fouling
at the nozzles.

Litu:id/vapor contaciors may be designed to operate
With a continuous vapor phase, such as is found in a

Performance data for bench-scale pilot-scale, and full-
scale studies of air stripping related 10 relevant sites
(compounds of interest) are summarized in Table 1. No

‘a has been found for other organic chemicals of
interest.  Theoretical studies indicate naphthalene
should be effectively removed; whereas some PAHs and
phenolics may not be applicable.

|
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TABLE 1
ATR STRIPPING TREATMENT
PERFORMANCE HIGHLIGHTS
Influent EfMuent
Type of Campounds of interest Concentration Coacentration

Application In Water Treated (ppb) (ppb)
Full Scale
Wausau. Wi Toluene 30.9 0.54
contaminated Ethylbenzene 5.1 0.30
vell water m,o0.p-Xylene 16.6 0.60
Svdney Mine Benzene 11 I(a)
waste site Ethylbenzene 5 1{a)
contaminated Toluene 10 1(a)
groundwater m.o-Xylene 5 1{a}

3-(1,1-Dimethylethyi Phenol) 32 10(a)
Florida Benzene 45000- <30
gasaline Toluene 50000 Total
contaminated Xylene Total

well water

Bench Scale
Groundwater Benzene 5300 <10
treatment Toluene 3600 <10
APl gasoline Benzene 11300 1600
contaminated Toluene 37600 7100
groundwater Ethylbenzene 3200 600

o-Xylene 5100 1000

p-Xylene 9500 1700
Pilot Plant
Groundwater Benzene 13200 2475
treatment Ethylbenzene 330 20

Toluene 13600 2360

Xylenes 3210 680
Gasoline Total gasoline 6000-362000 <4
contaminated compounds
household water

(a)  Final effMuent from air stripping, multi-media filtering and carbon adsorption processes.

DRAFT
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STEAM STRIPPING
(Ex Situ Treatment)

MEDIUM: Contaminated pumped groundwater, segregated surface
waters and pracess wastewaters,
PROCESS TYPE: Physical separation 7
RELATED SITE . - o I
EXPERIENCE: Chemical industry, coking industry. = B
APPLICABLE | | o
CHEMICALS OF , o
INTEREST: Volatile  organics, most polynuclear aromatic
hydrocarbons, PAH, potentially certain phenolics, free
ammonia and cyanide, and hydrogen sulfide. -
TECHNOLOGY 1
STATUS: Established technology for removing volatile organics o
and ammonia from industrial wastewater. Applications ®
to remove organic compounds with high boiling points is <
less demonstrated. Pilot-scale and full-scale. o

I SCRI IN: Steam stripping is a distillation separation technique
applicable to removing certain organic compounds or
' dissolved gases from dilute aqueous solutions. The
technique depends on the relative volatility of the
components being stripped to the volatility of water.
Relative volatility, or the ration of vapor composition to
l liquid composition for the two components (e.g. water
and organic) under consideration, is a function of the
activity coefficient and vapar pressure of the compound.
I If the relative volatility is known for a particular organic
contaminant, a determination can easily be made as to
the technical and econotnic viability of using stripping as
l a treatment method.

A typical flow diagram for a steam stripping system is
presented in Figure 1. The system will consist primarily

of a stripping column containing random dumped
packing. The feed may be pretreated by adjustinglthe

E_H if necessary and passing through a strainer or filter.

0 minimize energy consumption and cooling water
requirements, the feed can be used as cooling water for

the overhead condenser and/or heat exchanged with
treated water from the bottom of the volumn. Further
energy savings can be realized by using multiple vapor
recompression (MVR) to recover more of the heat
contained in the vapor overhead stream. Preheated
feed will typically be fed into the top of the stripping .

-- --column. Insome cases, the feed will be introduced ata - —
T carefully selected intermediate location along the height o

DRAFT o 1 ' Ex Sitw Treatment
- Steam Stripping
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PERFORMANCE:

DRAFT

of the column to provide for additional concentration of
the organic in the vapor leaving the top, thereby
reducing the quantity of distillate that must be treated or
disposed of. Distillate from the overhead condenser wil
flow by gravity tc a control tank. If the column includes
a rectification section, a portion of condensate ijs
recycled (refluxed) back to the top of the column. if the
Organic has very low salubility in water, rectification can
result in a separation of an organic phase in the distillate
receiver. [n this case, only the agueOus phase is refluxed
and the organic phase is removed for disposal,

Based on theorztical estimates, levels of 1-10 ppb should

_ .. be achieved for stni pable organics. Pilot-scale data for

BTX show levels of 0.5 PPb can be achieved. No fy]l-
scale data on organic chemicals of interest are available.
Industry (coke plants) data on removal of acid gases
(H38, HCN) and ammonia at high feed concentrations
arc avaiiable, but not relevant,

2 Ex Situ Treatment
- Steaa Stripping
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MEDFIUM:

e 2

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION:

BIOFILTRATIONSM
(Ex Situ Treatment)

Contaminated pumped groundwaters, segregated

surface waters and polishing treatment for process
wastewaters.

Filtration, adseration/desorption, and aerobic biclogical
oxidation. , :

Wood treating industry and coal tar distillation industry.

Conventional pollutants,  phenolics, polynuclear
aromatic hydrocarbons (PAH), volatile Organics,
biodegradabie inorganics, polychlorinated biphenyls
(PCB) and dioxin/furans,

Dere]oping technology, bench-scale, pilot-scale and full-
scale.

BioFiltrationSM is a proprietary process developed by
Keystone Environmental Resources, Inc. for the
treatment  of slightly  contaminated pumped
groundwaters and polishing treatment of process
wastewaters. In general, it is an unit process for
treatment of aqueous liquids which combines the
treatment capabilities of filtration, adsorption and
biodegradation into a single process.

A BioFiltration®M treatment unit filters suspended
solids and adsorbs 0rganic constituents onto a bed of
selected marrix materials which are simultaneously
biologically regenerated. The compasition of the
trcatment media is dependent upon the particular
effluent stream to be treated and is designed to provide
the appropriate combination of permeability and
adsorption capacity,

As illustrated in Figure 1, effluent requiring treatment is
applied to the top of the bed where susgc)nded
particulates are filtered out at the surface. luble
organics are adsorbed as the media water percolates
down through the treatment medis, Concutrently, the

8 which contains an acclimated micrabial
population, continually regenerates the adsorbent

= -=matenal in the treatment media. The resulting treated

~effluent is collected in an underdrain system and then

1 Ex Situ Trea
i BioFilration M
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PERFORMANCE:

discharged.

Through extensive bench and pilot-scale ﬁsting,
Keystone has demonstrated that BioFiltration®™ is 3
proven technology for removal of adsorbable and
biodegradable chemicals from ¥gger and wastewater
effluents. While a BioFiltration® treatment unit can
be designed and operated to achieve different effluent
requirements, the data given in Table | presents results
of pilot-scale testing where process wastewater
cresote’pentachlorophenol from a wood treating plant
was treated after biological lagoon treatment.

As evidenced by the data presented, BioFiltration®™
treatment offers a very viable polishing treatment
technology. ~ Through pilot-scale work evaluating
polishing treatment of aeration tank biologically treated
process wastewater from a_creosolclpegtﬁfhlompheno[
wood trcating plant, BioFiltration treatment
produced an effluent in which 100 gcrccnt fish survival
was achieved in 7-day weight gain fish toxicity testing.

poB8az257




TABLE 1

KEYSTONE'S BIOFILTRATIONSM TREATMENT
PERFORMANCE HIGHLIGHTS

EARAMETER o 7 ELL ;'T w | - ZREMOVAL
BGDS (mg1) IR | 99 T 3 9.9
TOC (mg 1) 518 9 98.3
PENTACHLOROPHENGL (mg1) 10.6 < 0,001 > 999
PHENOLS (4-AAP) (mg?) 0.65 < 0.01 > 98.5
TOTAL PAH (mgA) 0.09 < 0.0012 > 98,7
TOTAL DIOXINS (ng1)

24,600 < 1.0

> 999

Note: < values indicates detectable concentrations.
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PROCESS TYPE:

RELATED
COKE/COAL TAR

EXPERIENCE:

APPLICABLE
CHEMICALS OF
LNTEREST:

TECHNOLOGY
STATLS:

- -taken off _
- column, and the carbon is replaced or regenerated. This

CARBON ADSORPTION
(Ex Situ Treatment)

Contaminated pumped groundwater, segregated surface
waters and process wastewaters.

Physical separation

Petroleum industry, wood trealing sites, coking and coal
tar cistillation sites, chermcal plants and other 1ndustries.

All soluble organic chemicals of interest, patentially
effective for certain metals and cyanide compounds.

Established technology for removing soluble organics
from wastewaters. Bench-scale, pilot-scale, full scale.

In adsorption processes, selected dissolved contaminants
are attracted to and adhere to 4 solid adsorbent as a
result of weak chemical bonds between the contaminant
and "active sites” on the surface of the adsorbent.
Activated carbon is a highly porous solid which provides
and extremely large “active” surface area. For aqueous
treatment, the primary dnving forces for adsorption are
a combination of the hydrophobic nature of the
contaminant and the affinity of the contaminant far the
carbon. The adsorption of a specific chemical will
depend on the carbon properties, the physical and
chemical characteristics anc the concentration of the
contaminant, the charactensucs of the aqueous phase,
and the residence or contact time.

A typical flow diagram for a carbon adsorption process
is presented in Figure 1. Contaminated water can be
pumped to holding tanks 10 help provide a feed with a
telatively uniform and composition. The feed i then
pumped continuog;!{ through a filter to the carbon
adsorbers. The dual bed series system shown offers a
simpie valving arrangement, a flexble carbon bed
changing schedule and a high effluent quality. As shown
in Figure 1, the two columns are opérated in a lead-
polish mode to enable the lead column to achieve
maximum loading of contaminants (minimum carbon
consumption). Heavy lines indicate normal flow pattern.
When the lead column is exhausted (as determined from
_,monimringlut‘l;c effluent for selected pollutants), it is
ine, the backup column becomes the lead

Ex Sita Treatment
Carboa Adsorption ;
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FIGURE 3

SCHEMATIC DIAGRAM OF A caRsON ADSGRPT_ION PROCESS
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DRAFT

column ther becomes the second column in the series.
Figure 1 does not include the flows required if in situ
regeneration is used.

Treated water from the adsorbers is typically discharged
directly unless a treated effluent storage svstem is
needed to allow for monitoring before discharge. A
more cost effective ap&rnach than temporarily storing
and monitoring the etfluent prior to discharge is to
manitor the discharge from the lead column on a regular
basis and rely on the fact that the polishing column will
maintain desired effluent quality. :

Carbon adsorption has been used at many hazardous

waste sites for treating ground water or surface water
with contaminated with chemicals of interest.

. Performance of bench-scale, pilot-plant, and full-scale

carbon adsorpticn systems related to relevant sites is
summarized in Table 1.

In addition to the examples presented in Table 1, carbon
adsorption is being used for treating contaminated
ground water at a MGP site in California. The system,
which has flocculation/sedimentation and sand filtration
pretreatment steps, operated about one year prior to the
lirst carbon replacement. Performance data have been
obtained evetthhree momths by analyzing the final
effluent for PAHs, benzene, toluene, xylene and other
volatile hydrocarbons; lead was also ana yzed on the first
two sampling campaigns. PAH levels were reduced
from 3.4 to 0.39 ppm 10 non-detectable concentrations,
Aromatics, which were detected in only half the ground
water samples, were reduced from nearly 20 ppm to
non-detectable concentrations. However, the specific
contribution of the carbon adsorbers in achieving the
overall removals cannot be determined since samples of
adsorber influent were not taken,

008261
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TARLE i
CARBON ADSORPTION TREATMENT PERFORMANCE HIGHTLIGHTS
Liquid Carbon
Compounds Influent Effluent Flow Hydraulic Consumption
of of CoacentratioaConcentration Rate foading Rate
Applicaticn Interest {ppb) {ppb) (gpm) (gpm/sq N} Ih Carbon
[000 gal
Eull Scale
Gasoline Benzene 150 i 150 3 NA
confaminated Toluene 150 H
groundwater Xylene 156 I
Creosote PAH (Total)  200-500 1 50 2 NA
contaminated
groundwater
Rail car spili Pherol 32000- < 10G NA 22 2.1
contaminated 40000
Phenol 63000 < 1 80 1.0 NA
Contaminated Benzene 5000 <10 100 1.3 1.1
groundwater
~ "Chemical spiil Benzene 400 <1 95 I ¥
contaminated ‘
groundwater
. On-site storage Xylenes 200-500 <1 30 24 NA
T tank contaminated
B groundwater Xylenes 80C0 <1 200 2.5 NA
NOTE: NA indicates not available.
a l ﬁ i 1] 1

- = ‘ N P T
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TABLE | (CONTINUED)

CARBON ADSORPTION TREATMENT PERFORMANCE HIGHLIGHTS
Liquid Carban
: Compeunds Influcnt EMuent Fiow Hydraulic Consumption
Type of of ncentretionCoacentration Rate Loading Rate
Applicatios Interest (ppb) (ppb) (gpm) (gpm/sq 1) JbCa rbu|n
1000 g5
Gamlin_e spill Benzene 900-1 1000 < 100 5 0.4 NA
contaminated Toluene 5600-7000 Total NA NA NA
groundwater Xylenes 600C-10000
Wausau gasoline Benzene 180-230 <1
station contaminated Toluene 17-190 <1
groundwater Ethylbenzene 16-20 <]
Xylene 63-100 <
Upstate New York Benzene 55 < | 5 92 NA
gasoline contaminated Toluene 85 <l
well water Xylenes 52 <}
Lower Misissippi Benzene 0.00002 278 0.73 NA
River contaminated Toluene .000G2 :
inking water PAHs(each) 6.010 0.002 410 1.07 NA
Love Canal Benzene 28,000 <10 max NA NA
landfijl Ethyibenzene 5% <10 175
- jeachate Toluene 25,000 < 10
Pheno! 2,400 <
Anthracene & 29 Non Deteciable
Phenanthrene
Eilot Piant :
Contaminated Benzene 2475 < L0 3-5 1-1.6 NA
groundwaier Ethytbenzene 20 1.0
Toluene 2360 1.8
Xylenes 680 < L0

NOTE: NA iﬁdicatcs not available
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TABLE 1 (CONTINUED)
CARBON ADSORPTION TREATMENT PERFORMANCE HIGHLIGHTS

Liguid Carbon
Compounds Influent EMuent Flow Hydraulic Consumption
Typeof of CoacentrationConcentration Rate Loading Rate
Application Interest (ppb) (ppb) (gpm) (gpm/sq ft) Lllzé_‘;%ba;_n
gn
Gasoline Benzene 1000 <35 NA NA NA
contaminated Toluene Total <5 NA NA NA
household water Xylenes <$§
Benzene 25000 <5 NA NA NA
: Toluene Totai <5
o Xylenes <5
AP Gasoline Benzene 17849 10.4 NA 7 NA
comaminated Ethylbenzene 3323 3.57
groundwater O-Xylene 3636 15.0
P-Xyiene 11422 i5.0
Toluene 57537 173

NOTE: NA indicates not avajjable.
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MEDILM:

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS

OF INTEREST:

TECHNOLOGY
STATUS;

DRAFT

008265

CHEMICAL OXIDATION
(Ex Situ Treatmuent)

Contaminated pumped groundwater, segregated surface
waters and process wastewaters.

Chemical oxidation using either chlorine (Cla), chlorine
Eign’de (C10,), hydrogen peroxide (H,OaJ, or ozone

Chemical  industry, wood  treating  industry,
manufactured gas plant sites, municipal wastewater
treatment plants, and the coke and coal tar distillation
industry.

Ammonia, cyanide, sulfide, thiocyanate, volatile
organics, phenolics, reduced metals, poi{nuclcar
aromatic hydrocarbons (BAH and conventional organic

pollutant indicators (BODg, COD, TOC).

Estabiished tcchnolo%in the United States with regard
to chlonnation with Cly. Ozone (O3) and Hy05 are
beginning to obtain market exposure. Bengh-sca]e.
pilot-scale, full-scale.

Chemical oxidation is a process in which the oxidation
state of a chemical contaminant(s) are increased via the
release of electrons from the contaminant(s) which are
accepted by a chemical oxidant in solution. Through this
process, targeted chemical contaminants are converted
to chemical species which are neither harmful nor
otherwise objectionable. The specific chemical reactions
which occur are dependent upon the particular chemical
contaminants, the particular chemical oxidant (electron
acceptor) and the solution pH.

Oxidants most normally considered include chlorine,
chlorine dioxide, hydrogen peroxide and ozone.

The chlorination process utilizes chlorine gas or a sait of
hypochlorous acid such as calcium hypochlorite or
sodium hypochlorite as the chiorine source. The active
species is the same regardless of the parent chemical,
but the ﬁ’wpcniu of the aqueous chlorine solution will
vary with the different chemicals. Thus, it is sometimes
more appropriate to use one soutce of chlorine over

- - ——another depending on site specific conditions.
- - -~ -Curvently, IE i

use of chlorination is for
disinfection, but E:tnm widely used for many other
1 . Ex Sits Trestmeat
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“In general, different axidants require different

applications including the destruction of specific harmfu!
chemicals. The knowledge of the fundamental chemistry
of chiorination has been enlarged considerably in the
past twenty-five years; this has made it possible to apply
chlorination to the treatment of an ever increasing
variety of industrial wastewaters.

Chlorine dioxide in the gaseous form is highly unstable
and therefore aqueous solutions of the gas arc utilized in

_.-ondation rrocesses. Although these solutions are much
_ more stab

1 ¢ than the gaseous form, they still decompose
rapidly and thus are generated on-site.

Hydrogen peroxide is also utilized as an aqueous
solution for chemical oxidation. A 35 percent solution is
available commercially. This solution is used full-
strength or diluted, depending on the specific oxidation
application. Mectal catalysts are most often used with
hydrogen peroxide treatment.

Qzone is cited by some rescarchers as being the second-
most powerful oxidant, exceeded in its ddation
potentiai only by fluorine. The effectiveness of ozone in
oxidizing organic compounds in water is well
documented. QOzone has been used in Europe since
1903 for the treatment of drinking water. Ozone is an
unstable compound and must be generated on-site. For
commercial applications, ozone is produced through the
discharge of an electric current across an air steam
containing oxygen. The ozone enriched gas stream is
contacted with the water targeted for treatment in a
reaction vessel.

Figure | presents two possible treatment schemes for
chemical oxidation. A one-step process is depicted in
the upgzr portion of the drawing and a two-step process
in the bottom portion. Onxidation of certain wastewater,
€.. ammonia containing, can be accomplished in one
step with oxidant addition and pH adjustment in one
reaction tank. Some wastewaters, e.g. cyanide
containing, must be treated using a two-step process in
which an oxidant and caustic soda are added to the first
tank for initial oxidation at a bigh pH and then an
oxidant and sulfuric acid are added 1o the second tank
for further oxidation at a lower pH. The retention time
in the reaction tank(s) and the dosage(s) of oxidant used
also vary with the composition of the wastewater.
Theoretical considerations and treatability results are
used to establish the process,specific oxidant(s), oxidant
dosage(s) and retention times(s) needed to properly
t: zat a specific wastewater. e

preparation systems. Chlorine gas or a galt of

2 . Ex Sits Treatmesnt
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PERFORM {ANCE;

nypochlorous acid, €8 sodium hypochlorite calcium
hypochlorite, can be used for calorination.  These

chemicals are obtained in bulk and metered directly into

bulk and metered directly into the reaction tank.
Because of their poor stagiljty. chlorine dioxide and
0zone must be generated on-site. Chlorine dioxide js
synthesized using hypochlorous acid, sodium chlorite
and hydrochlonic acid. Ozoae is added as a gas with

-provisions for decomposition of the off gas provided.

Chemical oxidation is used for pretreatment, primary
trcatment, or post treatment dependipg on the

. composition of the wastewater and the desired effluent

quality. For many of these applications it is necessa 10
remove the excess oxidant, ¢.g. dechlorinate, before
further treatment or disposal of the wastewater.

Chemical oxidation is a proven (cchnology for removal
of oxidizable contaminants from domestic wastewaters
and groundwaters/surface waters, The three chemical
oadation processes considered here are (1) chlorination,
(i) chlorine dioxide, (i) hydrogen peroxde and (jv)
ozone oxidation. The contaminant removals that can
generally be achieved with a properly des.gned and
operated chemical oxidation treatment System are as
follows far each of the above processes:

“hlorination:
0 Greater than 96 percent removal of ammonia,

0 Greater than 99 percent remova] of cyanide,

0 Between 14 and 21 percent removal of volatite
organics,
Q Greater than 99 percent removal of phenolics,

0 Between 10 and 75 percent removal of
polynuclear aromatic hydrocarbons,

0 Between 45 -and 50 percent removal of tota]
organic carbon and

0 Anticipated  oxidation of sulfides and
thiocyanates from literature information,

Phenolics, |

o Between 95 and 99+ percent rezmoval of

-ii,q 5 'fBe_tw-e_;n.SS and 99+ percent removal of sulfides,

3 Ex Sitw Treatment
© Chemices] Oxidation
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0 Greater than 99 percent removal of polynuclear
aromatic hydrocarbons and naphthalene,

o Betwe_cn 90 and 99+ percent removal of volatile
organics and

0 Anticipa;ed oxidation of cvanide from literature
information.

0 Gr:ater than 99 percent temoval of cyanide,

e e A i

0 Between 50 and 99+ percent removal of
phenolics,

0 Between § and 99+ percent remoaval of
polynuclear aromatic hydrocarbans and

0 Anticipated oxidation of sulfides, thiocyanates

and total organic carbon from literature
information,

00826 Y
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MEDIUM:

PROCESS TYPE:
RELA'I'EDVSI'I'E

APPLICABLE
CHEMICALS OF

INTEREST;
TECHNOLOGY
STATUS:

RESCRIPTION:

DRAFT

DISSOLVED AIR FLOTATION
(Ex Situ Treatmeat)

Contaminated pumped groundwaters, segregated
surface waters and process wastewaiers.

Physical liquid,solids separation.

Petroleum industry, wood treating sites. coal tar
distillacion sites and other industnes.

Oil and grease, polynuclear aromatic hydrocarbons
(PAH/Naphthalene).

Established lcchno[qu for the removal of oil and grease
anc: suspeided solids. Bench-scale, pilot-scale, full-
scale.

Dissolved air flotation (DAF), to some extent, is the
reverse of gravity oilwater separation. The DAF
process is generaily used on waste streams where the
specific gravity of the material to be separated is very
close to that of water. These particles settle very slowly
or not at all. Tt is much easier to float and rerove them
from the water surface than to sttempt to sink them.

The basic principle involved with the DAF process is the
fact that as the pressure increases on water, it is able to
contain more dissolved air, nitrogen, or other gas.
When this pressure is reduced, the gas is released as
extremely fine bubbles. This can be achieved in two
different ways. The first and most common method is by
pressurizing the water then releasing it to the
atmosphers in the (lotation tank (pressure flotation).
The other method is less common but produces the
same results and involves decreasing the pressure in the
flotation unit by drawing a vacuum. The air naturally
dissolves in the water and is released when the pressure
decreases.

Three variation of pressure flotation exist: direct, partial
and recycle. The direct DAF process requires that the
material to be separated can withstand the high shear
forces of the pressurizing pump and the pressure release
valve. This method is gene used for separating oil
from wastewater streams. Partial D reduces

- Kw cost but generally is not as efficient for high oil

. Effluent recycle is the most common method
of dissolved air flotation. It is used when the material to

i Ex Sitw Treatment
" Disscived Air Flotation
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MAN

be removed forms 3 fragile floc. This i generally the

case when coagulants ang flocculants are used 10
enhance separation,

Given in Figure 1 js 2 schematic diagram of a efiluent
recycle DAF process. The wastewater, pretreated with
coagulants/flocculants, caters the flotation tank with the
pressunzed recycle. The ¢scaping air bubbles attach to
the flocculated material and nse to the surface and
compact. The heavy solids that sink are removed from
the bottom of the tank and are recycled/reused or

- disposed. The surface skimmings are alsg removed and

recycled/reused or disposed. ¢ clarified effluent js

~removed from below the surface aud is discharged,

reused, or receives additional treatment, A portion of

the clarified efflyent is recycled and pressurized 1 be
reused in the DAF process.

Dissolved air flotation i a viable treatment alternative
for the removal of oil and grease and suspended soligs.
Removal of other poliutants is related more to the
Wastewater characteristics than 10 the design of the DAF
unit. Economics and the space availabF: will be the
major factors of concern for the selection of DAF as a
lréatment  alternatjve. properly designed and
operated unit can generally achieve:

0 Greater than 90 percent removal of ojl angd
grease,

0 Total PAH reduction near 90 percent and

0 Naphthalene reduction near 50 percent.

2 Ex Sits Treatment
. Dissolved Ajr Flotation
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MEDIUM:

EVAPORATION
{Ex Situ Treatment)

Water containing solids and dissolved organics.

PROCESS TYPE: Physical separation

RELATED SITE
EXPERIENCE:

APPLICABLE

CHEMICALS OF

TECHNOLOGY

DRAFT

|
1
i
1
i
1
|
i
i
|
1
i
i
i
1
1
i
1
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Petroleum industry, efectric-utility sites, wood treating
sites, coal tar distllatic~ :ndustry, and chemical plants.

For aqueous mixtures, evaporation is applicable to all
chemicals of interest. However, the volatilization of
strippable compounds (e.g. BTX and most PAHS) may
require treatment of the evaporated water pnor to
discharge. For tars, evaporation is applicable to
removing BTX and phenolics which have lower boiling
points.

Established technology for the concentration of waste
streams. Bench-scale, pilot-scale, full-scale,

Evaporation is the process of removal of volatile
constituents from a solution or slurry by boiling. 1t can
be used to concentrate an aqueous waste solution,
separatinF the major portion of water from the
nonvolatile components such as solids, dissolved salts, or
nonvolatile organics.

Evaporation usually requires that heat be transferred
from a heat source such as steam or hot oil through a
heat transfer surface to the waste. Heat transfer rates
and overall energy efficiency vary with the type of
evaporator and the thermal and flow properties of the
waste. There are several classifications of evaporators,
including tubular or plate evaporators, wiped-film
evaporators, directcontact evaporzlors and natural
energy evaporators. Selection of an evaporator type
depends mainly on the feed characteristics, degree of
separation of concentration required, and the relative
costs of equipment and utilitics,

A simplified schematic of an evaporator system is shown

in Figure 1. The influent feed is pumped to a feed
preneater and then introduced into the top of the
evaporator.  the evaporator consists of a jacketed
 cylindrical shell with rotating wiper blades which

- --———produce a thin, agitated film. Evaporation of the
"""""""" volatiles takes place as the waste stream flows by gravity
‘down the evaporator wall. Temperature and vacuum

1 . Ex Situ Treatment
o= T T " Eveporation

o
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PERFORMANCE:

are adjusted to accomplish the desired residual volatile
level.  The vapor passes through an entrainment
separator and is condensed and collected as distillate. A
vacuum pump is used to reduce the pressure within the
cvaporator, thereby increasing  the volatilization
efficiency. The concentrated residye exits through the
bottom section, and can be transferred to a residue
cooler (not shown) before being discharged to
cantainers for transport, disposal, or other disposition.

Evaporation can also refer 19 volatilization processes
that do not involve boiling; but in which water or a
volatile organic is transferred to the air, as in a drying
process. lar evaporation ponds and cooling towers
are common examples of such aqueous evaporation

processes. These "open" processes which rely on air flow
are not discussed.

Evaporation has been commercially applied or tested in
a wide variety of applications. However, no specific

rformance data for the compounds-of-interest have
B:cn found.  Equipment manufacturers consider
cvaporation to be a potential applicaticn or waste

streams containing the chemicals of interest unless
abrasives are present.

2 7 Ex Sits Treatment

Evaporation
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PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATLS:

DESCRIPTION:

FILTRATION
(Ex Sity Treatment)

Contaminated pumped groundwaters. segregated
surface waters and process wastewaters,

Physical Solids Separation

Wood treating industry. coke and coal tar distillation
industry.

Suspended soiids, oil and grease, polynuclear aromatic
hydrocarbons (PAH/Naphthalene), métals.

Established technology since the early 1800's.

Filtration is the removal of suspended solids from water
by passing it through a porous media. In eneral, it is a
fwo step process consisting of a filtration and
backwashing phase. Water is filtered by passing it
through a porous material to remave suspended solids.
This can be accomplished with or without the addition of
chemicals depending upan the type of solids and/or the
desired resuﬁ:. Backwashing takes place whenever
solids begin to leak through and/or the head loss through
the media becomes significant. Backwash water s
generally returned to the beginning of the waste
treatment system, which is usually a primary clarifier.
Figure 1 illustrates some typical filter configurations.

The efficiency of a filtration unit is depended upon
factors such as influent flow rate, filter media type,
media pore size and the characteristics of the water (o
be filtered. Of the several types of filter media available,
silica sand is the most common. Crushed anthracite coal
an garnet are also frequently used. To decide on the

type or types of media to use requires a compromise of
the following:

o smaller grains filter better, produce higher quality
effluent, but filter runs are short;

0 larger grains extend the length of filter runs but
breakthrough will occur if flow is too high.

008276
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DRAFT

The ideal filter bed is stratified with coarse to fine media
in the direction of flow. This allows for solids
penetration into the bed which extends the filter run
while maintaining  high quality  effluent. The
development of multimedia and upflow filters was based
0G this premise. A muhimedia bed is straufied
according to the specific gravity of its constituents, This
makes it possible to have coarser grains at the top of the
bed. An upflow filter reljes on the natural stratification
of a single media with coarser material settling 10 the
bottom.

Filtration is a proven technology for the removal of
suspended solids. Rased on available performance data,
the following observations can be stated concerning
filtration;

0 Suspended solids removal of greater than 80
percent can be achieved,

0 Oil and Grease removal of greater than 50
percent can be achieved,

o PAH removal decreases as the solubility of the
constituent increases,

o COD removal is 3 function of jig insoluble

portion,
o Removal of phenotics is minimal,
2 Ex Sitc Treatment

. FILTRATION
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PHYSICAL/CHEMICAL SEPARATION

(Ex Situ Treatmeat)

MEDIUM: Contaminated pumped groundwaters, segreguated

surface waters and process wastewaters.
PROCESS TYPE: Grawity Physical/Chemical Separation TR T
R—ELATED SITE . e Eeewl T o R
EXPERIENCE: Petroleum industry, woad treating sitas, coking and coal

tar disullation sites, manufactured gas plant sites,

-chemical plants and other industries.
APPLICABLE
CHEMICALS OF ) o
INTEREST: il and grease. suspended solids, polynuclear aromatic ~

hydrocarbons (PAH/Naphthalene). N
TECHNOLOGY | P
STATLS; Established technology that has been used in the

petroleum industry for several decades. Bench-scale, =

pilot-scale, full-scale.
DESCRIPTION: Physical/chemical separation can be described as the

process of removing the free oils phase from water via
natural differences in specific gravity, i.e. oils with a
lower specific gravity than water will float while those
with a higher specific grawity will sink. The separation
process can be  enhanced by  chemical
coagulation/flocculation foliowed by gravity settling.

Typically, physical/chemical separation s the first
operation in a wastewater treatment system. However,
it may be necessary to pretreat the waste stream with
emulsion breaking chemicals prior to the gravity
separator. These emulsion breaking chemicals are
generally cationically charged. sually inorganic
chemicals such as ferric chloride, alum and ferrous
sulfate or ovganic low to medium molecular weight
lymers ars used to destablize (break) thc emulsion.
ional_iy',man anionic or nonionic polymer is also
required. This second polymer functions as a flocculant
which agglomerates the smaller oil particles into larger
"flocs”, which have improved separation characteristics.

Adjustment of pH may alsc be used, in conjunction with
the other chemicals or alone, to destablize emulsions or
to precipitate other compounds. Jar tests are generally
used to select the proper chemicals and dosages far
;opti{!num pretreatment and to predict expected effluent
C L qualiy. & £ R

After the wastewater is chemically pretreated, if

. '
3 N -

DRAFT | ] Ex Situ Treastmeat
Physical/Chemical Separation
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PERFORMANCE:
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required, it flows into the gravity separator where during
a quiesent stafe the oil phase separates from the water.
A typical APl separator is illustrated in Figure 1. A
removal system for floated and settled matenal should
be part of any separator.

After separation, the water phase can be discharged,
reused or receive additional treatment. The oil phase
can be recovered, recycled cr disposed.

_Physical/chemical separation is proven for the removal

of ol and grease and suspended solids. PAH reduction

is achieved by removing the portion that stays within the

oii phase. Total organic carbon is decreased by the
amount contained in :he oil and grease and solids that

are removed. Existing physical/chemical separation
systems have been shown 1o achieve:

G Oil and grease and suspended solids reduction
near X% and

Total PAH reduction near 80%.
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MEDIUM:

PROCESS TYPE:
RELATED SITE

EXPERIENCE:
APPLICABLE

CHEMICALS OF

INTEREST:

TECHNOLOGY

S 'S:

DRAFT

ON:

ION EXCHANGE
(Ex Situ Treatment)

Contaminated pumped groundwaters, segregated
surface waters and process wastewaters.

Physical Separation

Petroleum industry, plating industry.

All incrganic cations, such as heavy metals and

..ammonia, and anions, such as sulfate, identified as
chemicals of interest. Also, potentially applicable to
ionic organic ccmpounds such as phenolics.

Bench-scale, pilot-scale, full scale. Established
technology for treating industrial process wastewaters
containing high metals concentrations.  Emerging
technology for the treatmemt of ionic organic
compounds.

lon exchange is a separation process in which selected
pollutant ions in an aqueous solution are removed with
the use of an ion exchange material, while non-pollutant
ions are displaced from the material. In practice, ion
exchange "beads” are placed in a column and water to be
treated is passed through the bed. Natural ion-exchange
materials (zeolites) exist; however, most industrial
processing uses synthetic ion exchange resins. These
synihetic resins normally are high-molecular-weight
organic polymers onto which chemical functiona! groups
(e.g., sulfonic, carboxylic, phenolic, aminos) are added
by reaction.

A typical flow diagram for an ion exchange process is
preseated in Figure 1. A storage tank is normally
needed to provide a surge volume in the system, to allow
the exchangers to be operated at a constant rate, and to
be used to settle coarse sclids in the feed water.
Untreated water is pumped from the storage tank to the
ion exchanger columns. Pretreatment using car>on
adsorption or filtration is often required for wastewater.

If a large volume of water is to be treated, two sets of
columns shculd be installed to provide uninterrupted
tem operation during column regeneration pernods.
reated (deionized) waier flows by gravity from the
columns normally to 8 treated effluent storage system to
allow for monitoring before discharge. Conductivi? (e
to

-~ ~measure of total ion concentration) can be

) _Ex Sltw Treatment
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determine “breakthrough,” at which time the columns

are swiiched and the column with spent resin s
regenerated,

With the mixed bed scheme, the regeneration of the ion
exchange resin wouyld employ a special operating
Sequence. The resin bed is first backwashed gently to
remove suif)cnded solids and then the resin bed should

Diluted hydrochloric acid is pumped from
storaﬁe through the bed concurrently to the wastewarer
feed flow. After a water wash, diluted sodium hydroxide

< ~z.15 pumped through the bed to convert the anion resin

back to the hydroxide form. After another water wash,
the column can be returned to service. The various acid,
caustic, and wash regenerant solutions which contain
concentrated pollutants must be treated or disposed.

lon exchange can theoretically remove essentially al] of
selected ionic constituents if adequate resin contact time
and proper resin is used. Industrial experience has
shown 50-100 ppb level of various metals are achieved;
bench-scale tests have given lower (10 ppb) residuals,

Ion exchange applications for groundwater and surface
water treatment have not beep identified.  Most
performance data that have been reported are for
plating process wastes which have high metals
concentrations. An jon exchange process used to treat a
condensate from a1 refinery achieved removaj of

hydrogen sulfide to <3 Ppm, ammonia to 5 ppm and
phenol to 20 ppm.

It must be stressed that the performance of an ion
exchange process is very dependent on the composition
of the particular wastewater being treated.
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MEDIUM;

PROCESS TYPE;
RELATED

SITE EXPERIENCE:

 APPLICABLE

CHEMICALS OF

INTEREST:

TECHNOLOGY
STATLS:

DESCRIPTION:

-2 ozfunther reatment.

NEUTRALIZATION
(Ex Situ Treatment)

Contaminated pumped  groundwaters, segregated
surface waters and process wastewaters.

Chemical Reaction

Petroleum industry, wood treating sites, coke and coaj

. tai distiliation sites, manufacture gas plant sites,

chemical plants and uther industries,

Metals, general inorganics.

Bench-scale, fyll-scale. Established technology that is
generally used in most industries,

Neutralization is csscntiall{ the mixing of an acid and 3
base. The addiiion rate o a given neutralizing agent is

controlled via pH. The process caq be either continuous
or batch,

of storage requirements, the batch process is normalf
limited to streams with low flows. For medium to hi
flow streams, some form of a continuouys process s
required. This requires more elaborate control and feed
equipment.

In general, the use of an ¢qualization basin or multiple
neutralization units is used when the desired accuracy of
the effluent pH is critical, Waste streams where H
stability is low (unbuffered) require multiple neutralizing
units. -~ For streams with excessive pH variations, an
equalization basin helps 1o provide a flow with less pH
fluctuation,

The choice of a neutralizing agent is generally an
cconomic one. However, compatibility with the waste
stream and process equipment musg be considered when
designing a system,

effective alternative, owever, care should be taken 30

s Kot to introduce additional poilutants that require

RS

o]
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Consideration should also be given, during design of a
system, to the fact that neutralization is an exothermic
reaction and, as such, will generate heat. Also, any toxic
vapors that may be released should be considered.

The equipment required for neutralization is varied but
will generally 'mgude: a pH monitor(s), mixer(s).
containment and chemical feed equipment, Figure |
illustrates a ical multiple unit continuous flow
neutralization scheme,

PERFORMANCE: Little relevant performance data is available. Available Y
-~ - - - -dataindicates :ﬁi; total soluble metals can be decreased R
T - by approximately 80%. In general, the degree of

treatment that can be achieved depends on the specific
application.

0082856
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PEGURE ¢
TYPICAL

) CONTINUQUS FLOW NEUTRALIZATION PROCESS
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MEDIUM:

PROCESS TYPE;

" RELATED SITE
"EXPERIENCE:

APPLICABLE
CHEMICALS

TECHANOLOGY
STATUS:

UV CHEMICAL OXIDATION
(Ex Situ Treatment)

Comtaminated pumped groundwaters, segregated
surface waters and process wastewaters,

Chemical oxidation in the presence of ultraviolet (L'V)
tight using either hydrogen peraxide (Ha. 4) or czone
(O3) as the oxdants, . T N e e

Chemical industry, wood  treating  industry,
manufactured gas plant sites, and the coking and coal tar
distillation industry.

Cyanide, sulfide, volatile organics, phenolics, reduced
metals, polynuclear aromatic hydrocarbons (PAH),

pesticides, and conventional organic pollutant indicators
(BODs, COD, TOC).

Emerging technology with regard to the use of either O
or HaO, in the presence of UV light to chemically
oxidize organic pollutants.

Bath ozone (O3) and hydrogen peroxide (HyO,) are
known oxidizing agents which have the ability {0 change
the form of oxdizable chemical compaunds through the
process of chemical oxidation. The use of uitraviolet
(UV) light in combination with ozone has demonstrated
the ability to enhance the reactivity of Oy or Hy0,.
Through this process, targeted chemical contaminants
are converted to chemical species which are neither
harmful nor otherwise objectionable. Given sufficient
reaction time and oxidant, many orgacic compounds will
be converted to CO5 and H,O.

Hydrogen peroxide is also utilized as an aqueous
solution for chemicai oxidation. A 35 percent solution is
available commercially. This solution is used full-
strength or diluted, depending on the specific oxidation
application. Metal catalysts are most often used with
hydsogen peroxide treatment.

Ozone is cited by some researchers as being the second-
most powerful oxidant, exceeded in its oxidation
potential only by fluoring. The effectiveness of ozone in
oxidizing organic compounds in water is well

_..._documented. Ozone has been used in Europe since
- -*1903 for the treatment of drinking water. Ozone is an

“unstable compound and must be generated on-site. For

b ", JEx Sita Treatraent
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FISURE 1
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commercial applications, ozone is Produced through the

containing oxygen, The gzone enriched gas stream s
contacted with the water targeted for treatment in
reaction vessel.

The UV light effect related to the basic |aw of
Photachemistry in that light that is absorbed by a
chemical compound wil} cause an absorbed chemical or
hysical change in the cheémical. The absorbance of uv
ight typically causes a transition of electrons and a
subsequent breaking agart of the chemical compound.
Once this occurs, the ¢ emical may be more susceptible
to chemical oxidation by either O or §; O,. While this
description offers a very simplitied view“of the UV

craical Oxidation process, much research work js

A schematic of a UV Chemical Oxidation systerm js given
in Figure 1, For the UV Chemical Oridation process the
reaction vessel design is altered 0 accommodate
ultraviolet lights,

Ozone can be
Compressed air is Jused as the feed source in most

being sent to the ozone generator. Ozone generating
equipment operating on an air feed source produces an
0z0nie concentration in the exit gas of 1 . 2 weight
percent. With an oxygzn feed source, a higher weight
gercent of ozone (3-4%) is produced in the discharge

om the generator. Oxygen is normally utilized only in
very large systems due to economic reasans, Hydrogen

The reaction vessel is designed to provide intimate
contact between the oxidant and the water to be treated,
Several reactor configurations are availabje, Reactors
are typically a minimum of 13 feet tall to ensure that
adequate contact time s availabie for the ozone to be
reacted. The oxidant is introduced into the bottom of
the reactor. The units are normally designed to be
Operated in a countercurrent flow regime to enhance
mass transfer, Off gas from an ozone reactor mey
require treatment for destruction of residual ozone prior
to discharge to the atmosphere.

For this process the reactor design is modified 1o include

—==the ultraviolet lampes, A typical UV reactor has several
chamibers separated béﬂb&[!les designed to provide s

tortuous flow regime. Each chamber is equipped with o

2 T Ex Sitw Trestment

. UV Chemie
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PERFORMANCE: Ozone and hydrogen Eero:dd@ are powerful oxidizing
agents which have the ability to degrade organic
compounds through chemical oxidation. The use of
ultraviolet light in combination with either O4 and

. H305 has been shown to enhance their reactivily with

certain chemical constituents. The degree to which UV

‘ Chemical Oxidation oxidizes orgamic compounds is

deperndent upon: (til) the oxidant dosage, (ii) the initial

concentration of chemicals in solution and (iii) their

molecular structure. Review of the literature data .

“suggests that there is competition among different B

chemical groups for the available omdant and
absorbance of UV light.

l number of low pressure ultraviolet lamps.

UV Chemical Oxidation with either O3 or H,0, has
been shown 10 achieve the following:

0 Between 20 to 90 percent removal of cyanide,

0 Between 25 to 99 percent removal of sulfide,

008291

0 Beéwcen 10 t0 99+ percent removal of phenolics
an

0 Between 50 and 99+ percent removal of
poiynuclear aromatic hydrocarbons.

The process appears to be well suited for reduction of
I phenolics, polynuclear aromatic  hydrocarbons,

naplithalene, and cyanide. For the case of cvanide,

ozone in the presence of UV light also has the potential
I to break the iron-cyanide complex, which cannot be

accomplished biologically. Additional work is reguired

to establish the capability of this technology to treat
I chemical compounds at site specific concentrations.

DRAFT 3 . ExSits Treatment 5
UV Chemica! Onidation ,
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MEDILM;

PROCESI TYPE:

RELATED\SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF

TECHNOLOGY
STATUS:

DESCRIPTION;

008292

PHOTOLYSIS
(Ex Sitw Treatment)

Groundwaters and aqueous or solvent ext:acts of sail or
siudges.

Photachemical

None )

PCB's, PCP, dioxins and other tcac chlorinated
compounds are suscuptible t3 photolysis - initiated
dechlorination. Chemicals of interest are candidates of
UV catalyzed oxidation (using ozone, chlorine, or
peroxide) as discussed in a separate technology
description.

Emierging technoiogy.  Bench-scale, pilot-scale, full-
scale,

Two general types of photo reactions ¢an be used in
photochemical treatment of wastes; direct photolysis
and indirect photolysis. Direct photolysis involves light
adsorption bv the substrate followed by chenucal
reaction of the substrate in its electronically excited
state.  Direct photolysis is the only pathway for
photoreaciion in a reaction medium that is transparent
ta incidert light.

Indirect photareactions involve chemical reaction of a
substrate that is induced through light adsorbance by
anather suostrate in the system. Indirect photareactions
are mediated by exaited states of photosensitizers, by
free radicals of vatious types and by other short-lived
reaction transients.

U.V. photolysis can be used to "catalyze® or initiate the
dechlarination of organic chemiicals in either aqueous or
solvent systems.  Degradation products of these
reactions include polymeric tars and oxygenated
compounc® (in aquecus sysiems). Treatment (>95%
conversiot) of chlorophenols to below | ppm and
chlorinated dionins to 1 ppb in a solvent system has been
demonstrated. No treatability data for chemicals of
interest have been found.
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REVERSE OSMOSIS
(Ex Sity Treatment)

MEDILM; Contaminated pumped groundwaters, segregated
surface waters and process wastewaters.

- I PROCESSTYPE: Physical

EXPERIENCE: None

APPLICABLE

CHEMICALS OF

INTEREST: Metals. ammonia, nitrate, cyaaide, thiocyanatz, sulfate,
dissohed solids, organics with a molecular weight

greater than 200.

DESC ON: Reverse osmosis is normally the final unit operation in a
water treatment system, as it produces a very high
quality effluent. Pretreatment is required ahead of
reverse Osmosis to remove materials which may foul or
chemically degrade the membrane. Pretreatment
processes which are typically employed include pH
adjustment, softening, filtration and
chiorination/de. ..lorination.

The effluent from a reverse osmosis unit will inciude a
permeate (clean water) stream and a concentrate
(reject) stream. A schematic of a typical reverse osmosis
system is given in Figure 1. The permeate stream is
normally suitable for discharge, uniess low molecular
weight organics ars a concern. The concentrate stream
may require additional treatment, such as evaporation, if
it cannot be 1eused in a process or directly disposed of.

feed pump, a prefiltration system, one or more high
pressure pumps, a series of pressure vessels containing
the membranes and associated monitoring and control
equipment. A cooling water supply is required to
dissipate the heat added to the system by the high
pressure pumps.

Membranes for the unit are available in several basic
configur.tions, the most commoen being hollow fiber,

spiral wound and tubular. Until recently, cellulose

acetate was the primary material of construction for the

active layer of reverse osmosis membranes. Membrzaes

utilizing active layers of polgammde and polysulfone
______._construction are now available and offer potential
~—advantages over cellulose acetate in the areas of _&H
sengitivity, chemical resistance and water flux rates. The
membrane of choice for a particular application is

e ! Major components in a reverse osmosis unit include a

DRAFT | . Ex Site Treatment
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PERFORMANCE:

DRAFT

generally determined through pilot scale testing.

Reverse osmosis system performance is affected by a
number of operating variables and information
regarding effluent water quality is generally determined
On a case by case basis through bench or pilot scale
testing. Table | and Table 2 present typical membrane
performance data for a variety of inorganic and organic

manufacturer.

compounds, respectively, as provided by a membrane

Reverse osmosis produces a high quality effluent stream

- which is normally suitable for direct discharge. The

major exception to this would be the presence of low
molecular weight organic comoounds, such as phenolics,
in the water to be treated, Treatability work with
phenolic contaminated wastewaters has indicated that
removals of less than 50% are achieved for these
compounds.

p £x Situ Trestment
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B TABLE 1
I TYPICAL MEMBRANE REJECTIONS/PASSAGES - INORGANICS
l Perceat Maximum —
Percent Passage Couceatration
Name Symbol Rejection (Average) Percent
I Catioas '
Sodium Na+ 94-96 5 5-10
i Calcium . Ca+> 96-98 3 .
Magnesium Mg+ 2 96-98 3 *
l Potassium K+! 94-96 5 5-10
Iron Fet? 98-99 2 .
I Manganese Mnt+? 98-99 2 . O
Aluminum Al+3 M+ 1 10-20 o
Ammonium NH,*1 88-95 8 3-8 o
l Copper Cut? 98-99 ! 10-20 -
Nickel Nijt2 98-99 1 10-20 o
I Zinc Zn*? 98-99 1 10-20
Strontium Sr+2 9%-99 3 -
' Hardness Ca and Mg 96-98 3 .
Cadmium Cg*? 96-98 3 10-20
I Silver Agt 1 94-96 5 *
Mercury Hg* 2 96-98 3 -
I Anions
Chloride crl 94-95 5 58
I Bicarbonate HCO,"! 95-96 4 5-10
Sulfate 504"3 99+ i 5-15
Nitrate NO,1** 85-95 10 3-6
Fluoride ¥l 94-96 5 58
B Silicate Si0, 2" 80-95 10 :
Phosphate PO, 99+ 1 10-20
l Bromide Br'l 94-96 5 5-8
Borate B4O;%"" 3570 . .
| Chromate Cro 2% 90-98 6 812
l 3
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TABLE |(Coatinued)

TYPICAL MEMBRANE RETECT!ONS/PASSAGES - INORGANICS

e ————

Percent Maximum —
Percent Passage Concentration
Name Symbol Rejection (Average) Percent
Cyanide CN-1** 90-95° = - e D2
Sulite ... .50, 9899 ! 515 ==
Thiosuifate $,052 99+ 1 10.20
Ferocyanide  Fe(CN) =3 9+ 1 10-20
—_ ' r~
. Must watch for Precipitation, other ion controls maxirnum concentration, o~
i Extremely dependent of PH; tends to be ap exception to the rule, g
Q
O .
o - =l




TYPICAL MEMBRANE REJECTIONS/PASSAGES - ORGANICS

.
I TABLE 2
i

' Maximum
Molecular Percent Concentration

I Weight Rejection = Percent
Sucrose sugar R L ¥ ~99.9 T 30-35
Lactase sugar 360 9.9 30-35

l Protein _ .. . 10,000 up 99.9+ 50-80
Glucose 180 9 15-20
Phenol 94 or -
Acetic acid 60 My -

I Formaldehyde 30 pes -
Dyes 400 to 900 99.9 .-
Biochemical Oxygen Demand BOD% 90-99.9 -

I Chemical Oxygen Demand CcOD 99.9 -
Urea 60 40-60 Reacts similar to

a salt

I Bacteria & virus 500,00-50,000 NI+ -
Pyrogen 1600-5000 99.9+ -

' ***  Permeate is enriched in material due to preferential passage through the membrane.

008298
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MEDIUM:

PROCESS
TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION;

DRAFT

water insaluble solvent hiquid.

i s ol e

SOLYENT EXTRACTION
(Ex Sity Treatment)

Heavily  contaminated  pumped  groundwaters,
segregated surface waters and process wastewaters.

Preferential absorption of chemicals of interest into

Used by the chemical industry, the pharmaceutical
industry, and the coking and coal tar distillation industry
for treatment of process wastewaters where chemical
recovery is economically warranted.

Volatile orgailics, g)henolics. polynuclear aromatic

hydrocarbons (PAH) and polychlorinated biphenyls
(gCB). P

Established technology with regard to chemical
processing and process wastewater treatment where
chemical recovery is economically warranted. Bench-
scale, piiot-scale and full-scale,

With regard to removal of organic chemical compounds
from an aqueous stream, solvent extraction refers to a
rocess whereby the liquid water is caontacted with a
iquid solvent which results in targeted chemical
compounds being preferentially absorbed into the
solvent phase thereby being removed from the water
stream. The solvent is usually immiscible with water,
having a density either greater or less than water
depending upon the particular solvent being used. The
choice of solvent is determined by the targeted
chemicals to be removed. Once in the solvent phase, the
solvent can be disposed of or regenerated by selective
removal of the contaminant chemical compounds from
the solvent.

Extraction equipment may be operated batchwise or
continuously. For either mode, the water and the
solvent must be brought into good contzct to permit
transfer of chemical compounds from the aqueous phase
to the solvent phase. For the batch operation mode, a
qQuaritity of aqueous liquid is mixed with a quantity of
solvent in an agitated vessel, after which the immiscible
layers are allowed fo settle and are separated into the
“extract and raffinate phases. The rafinate refers to the
treated water rcducecr in chemical contaminants, and the

1

Ex Sitx Treatmesit
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DRAFT

extract refers to the solvent containing the absorbed
chemical contarninants.

With regard to continuous treatment operation, Figure 1
depicts a mixer-settler extraction system. For
continuous flow, the mixer and settler must be separate
pieces of equipment. The mixer may be a small agitated
tank provided with inlets and a drawoff line and baffles
to prevent short-circuiting; or it mav be a centrifugal
pump or other flow mixer. The settler is often a simple

-..continuous gravity decanter.  As illustrated, several
_contact stages are usually required with a train of in

series mixers-settlers operated. The raffinate, i.e. the

_ treated water, from each settler becomes the feed to the

next mixer, where it meets intcrmediate extract, i.e.
solvent with absorbed chemicals, or fresh solvent. The

process results in a continuous countercurrent flow of
water to be treated and solvent.

Figure 2 depicts a continuous tower extractor process.
Here, as heavier liquid added to the top of the extractor
flows downward, it contacts the lighter liquid rising
upward. This results in a continuous transfer of material
between the two diffeient phases with the composition
aof each phase changing as it flows through the tower
reactor. The reaction zone may be a series of trays,
packed media, or an agitated zone. Depending upon
specific conditions. The heavy or light liquid could refer
to either the water to be treated or the solvent.

As previously stated, solvent extraction is best suited for
gross reduction of chemical contaminants from water
where product recovery is economically warranted, As
such, it 8 not a viable technology where low
concentration of chemicals in solution is required.

The main applications to which solvent extraction is best
suited is treatment of process wastewaters with
subsequent product recovery. Examples include phenol
recovery, acetic acid recovery and recovery of

pharmaceuticals and other organics from process
wastewaters.

Screening of different solvents can easily be achieved
through bench-scale testing.

Y] . Ex Situ Treatment
Solveat Extraction
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FIGURE 1

SCHEMATIC DIAGRAM OF A CONTINUDUS MIXEH“SE_TTL{EE_
SOLVENT EXTRACTION PROCESS
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FIGURE 2

PROCESS SCHEMATIC FOR CONTINUOUS
COLUMN REACTOR SOLVENT EXTRACTION
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WET AIR OXIDATION
(Ex Sity Treatment)

MEDIUM: Aqueous or aqueous-organic (including sludges). )
PROCESS TYPE; Chemical Destrugtion &

RELATED SITE
EXPERIENCE; None.

APPLICABLE R - - T
CHEMICALS OF = i

INTEREST: All organic chemicals of interest, cyanide, sulfide.

TECHNOLOGY
STATUS: Established technology as a sludge conditionin
_ technique at municipal wastewater (biological)

treatment plants. Emerging technology for industrial
wastewater treatment.

DESCRIPTION: Wet Air Oxidation (WAO) is the oxidative degradation
of organics in aqueous streams using air as the oxygen
source, Destruction of most organics requires
temperatures between 350 and 650°F and pressures of
1,000 to 3,000 psig. WAO may be appropriate for
aqueous waste streams that are too dilute for
economical incineration. Most organics can be treated
by WAQ, although the reaction conditions required vary
considerably between different types of compounds. In
WAO the destruction efficiency for the original organic
is typically greater than 99 percent. COD reduction
ranges from 75 to 95 percent. Final degradation
products of the initial organics include carboxylic acids
as well as carbon dioxide and water. Catalysts have been
shown to increase the oxidation reaction rates and
increese the conversion (degree of oxidation). Since
complete oxidation of all organics (100 percent COD
reduction) is not normally economically feasible, effluent
from a WAO process must usually undergo further
treatment. This would typically be bio-treatment in an
on-site system or by discharge to a POTW, since wet
oxidation generally converts organics to partially
oxidized molecules which are more amenable to
biological treatment. Catalysts have been investigated to
impreve  WAQO  technology performance and
applicability.

ln typical WAO systems wastewater and air are

continuously injected into a high pressure reactor. Heat _

is supplied by the heat-of-reaction of the oxidation

rocess, although auxiliary heat input may be required

-————for start-up or for aqueous wastes having very low = . __
- -arganic concentrations. WAQ reactor effiuent is cooled

DRAFT | . Ex Site Trestment
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FIGURE ¢

WET AIR OXIDATION PROCESS SCiEMATIC DIAGRAM
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prior to discharge. Non-condensable "combustion” gases
(nitrogen and carbon dioxide) which are generally free
of acid gases, but may contain some volatile
hydrocarbons, are vented to the atmosphere, after
emission control as necessary.

A typical flow diagram of the wet air oxidation unit is
shown in Figure 1. Influent seed can be pumped to
holding ranks in order to achieve a fairly constant flow

—and composition. The feed is pumped to the system
‘using a positive displacement high pressure pump.

These pumps can accommodate low levels (less than §
reent) of fine non-abrasive solids. The feed is heated

in a feed/effluent exchanger. Air is introduced at the

high pressure pump or injected directly into the bottom
of the wet oxidation reactor.

The heat released by the oxidation reactions raises the
reactor temperature to between 400 and 600°F.
Preheating of the feed may be necessary to maintain the
reactor operating temperature for waste streams that do
not contain enough oxidizable organic to supply
adequate heat. Alternatively, fuel might be a J;d
directly to the waste to increase its heating value.

Hot oxidized effluent is cooled by heat exchange with
the reactor feed before pressure let down through a
control vaive. Liquid and non-condensable gases are
disengaged in a separator drum.  The treated
wastewater from the scparator typically contains
carboxylic acids, aldehydes and other simple oxygenated
hydrocarbons. The ron-condensable gases contain
oxygen, nitrogen, carbon dioxide and some volatile
hydrocarbons. These gases may undergo further
treatment before discharge to the atmosphere. This
might include vapor phase carbon adsorption, fume
incineration, or scrubbing.

Full-scale experience indicates that the toxicity of
wastewaters with high levels of organics can be greatly
reduced by WAQ treatment. Typical WAQO treatment
can destroy 99 percent or more of phenols, ides,
aromatics and PAH in wastewater. Zffluent
concentrations of 1 ppm or lower have been achieved in
laboratory or pilot studies, WAQO treated wastewater
usually requires further treatment (e.g., biological) to
remove intermediate oxidation products.




MEDIUM:

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF

CONCERN:

TECHNOLOGY
STATUS:

DESCRIPTION:

DRAFT

SONIC TREATMENT
(Ex Situ Treatmeat)

Contaminated pumped groundwaters, segregated
surface waters and process wastewaters,

Physical separation

Petroleum industry.

The insoluble portion of all the organic chemicals of
interest.

Bench-scale, pilot-scale, fuli-scaje. An  emerging

technology with full-scale applications in the petroleumn
industry.

Sonic energy can be used to break emuisions of
hydrocarbon and water which may also contain
suspended solids. This is strictly a mechanical process;
no chemicals are required. Sonic treatment works by
delivering mechanicai energy (sound or compression
waves) to the surface of the dispersed droplets in the
emuision. This ruptures the surface of the cﬁ-oplets and
results in their coarescing into larger drops. These drops
can then be removed by settling or centrifugation. Since
hydrocarbons are poor transmitters of sound waves,
SORiC treatment requires water as the continuous phase.
Emulsions of hydrocarbon droplets dispersed in water
can be treated as is. Emulsions with hydrocarbons as the
continuous phase require the addition of extra water.
This water can be recycled back from the final dpha.s«s
separation so that no extra wastewater is generated.

A schematic diagram representing a typical sonic energy
emulsion breaking system is shown in Figure 1.
Emulsions or siudges can be pumped from
contaminated wells or ponds to a heated
storage/cqualization tank. Equalization is needed to
provide a uniform flow and composition to the sonic
treatment unit. Emulsion from the tank is umped to
the treatment unit where it is subject o sonic
vibration at approximately 18 to 27 kiloheriz Typical
sonic treatment uniis have a rectanguiar chamber with a
residence time of 5 to 10 minutes.

008306
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FIGURI: 1
SONIC TREATMENT PROCESS SCHEMATIC DIAGRAM
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PERFORMANCE;

DRAFT

Sonic treatment has been demonstrated on 3 large scale
at a refining company facility in Colorado. I this
project, a low solids, 50/50 mixture of water and heavy
hvdrocarbon sludge was rocessed in a sonic treatment
unit at 12 gpm. vcntuaﬁy 60,000 barrels of oi] fraction
was recovered and sold as No. 6 fuel qjl, No data op
concentrations of dissolved or entrained organics in the
aqueous phase were reported.

A company experienced with sonic treatment reportedly

“has a pilot unit which has been used tg treat AP]
Separator sludges, tank bottom sludges and other

retinery emulsions.
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3.3

ON-SITE SOIL/RESIDUE TREATMENT

COMPOSTING

ENGINEERED BIODEGRADATION SYSTEMSM(EBDSSM)
INCINERATION

SOIL WASHING

STABILIZATION

THERMAL DESORPTION
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MEDLM:

PROCESS TYPE:

|

-

i

i

l . RELATED SITE
_ ,  EXPERIENCE:

I APPLICABLE

CHEMICALS OF

:

i

i

i

TECHENOLOGY
STATUS:

DESCRIPTION:

77008310

COMPOSTING
(Ex Situ Treaiment)

Conataminated soils. sludges and tars.

Biological
Manufactured gas plants, chemical plants.
Soluble organics.

Established technology for the conditioning of municipal
treatment sludges. Emerging technology for industrial
applications. Bench-scale, pilot-scale, full-scaie.

Composting is a biological process used typically for the
treatment of wastes with Ligh concentrations of
biodegradable organic solids. This process is generally
arﬁlicd to the treatment of contaminated solids/soils,
although concentrated waste streams have been treated
following blending with a bulking agent. Waste
destruction and conversion is achieved by the use of
thermophilic aerobic microorganisms which occur
natwrally in decaying organic matter. The use of
specialized microbial strains, not typically considered
composting, has become an increasingly popuiar method
of treatment for compounds thought previously to be
resistant to biodegradation.

The composting process is a four step procedure
operated continucusly ta achieve a high degree of waste
reduction. The first step involves the mixing of wastes
with a bulking agent to enhance ac¢robic conditions. This
is done by increasing porosity, thus providing greater
oxygen transfer, and also by decreasing the moisture
content of the mass. Secondly air, and indirectly heat,
are introduced to the system promoting the thermophilic
conditions necessary for aercbic decompasition of the
soluble organic wastes. Next further waste stabilization
is achieved by a curing step. The last step involves the

‘separation of the bulking agent fram the stabilized
sludge for reuse. A schematic of this four step process is

shown in Figure 1. -

The s-péciﬁv;:;appliqation of this technology to chemicals

1 . Ex Sita Treatment
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FIGURE 1
COMPOSTING PROCESS SCHEMATIC
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of interest is uncertain. Some preliminary studies show
promising results, althcugh ﬁnal_contaminant-spcciﬁc
¢nd points have not been determined. A summary of
relevant results is as £ ows:

Q Greater than 62% degradation of pyrene and
chrysene degradation in excess of 23% in a short
term laboratory study.

-9 Greater than 90% degraqation of coal tars

achieved during an MGP facility remedial effort.

008312




ENGINEERED BIODEGRADATION SYSTEMSM

APPLI(I?ABLSE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STAT LS:

DRAFT

(Ex Sity Treatment)

Excavated surface and subsurface soils,

Biological (aerobic  or anaerobic)

‘ _ ‘ oxidation,
adsorpuon/desorptlon, volatilization,

Petroleum industry, wood treating industry, coke ang

-coal tar distillation industry, manufactured gas plant

sites and other organic chemical industries

Biodegradable inorganics (e.g.  sulfide, cyanide,
ammonia), };}henolics. polynuclear aromatic
hydrocarbons AH), volatile organics, polychiorinated
biphenyis (PC ), and conventional pollutant parameters
jndic;;uvc of organic tompounds (e.g. BO 5. COD,
TOC).

Cogvcr!nionafl lahnd treatment 5 ,p established
technology for the tralenm induse Engineered
Biochréndation SysI?:l:u%If’l'| St trgelatment
represents Kevstone’s engineered approach of a lang
treatment tccl'gﬁogy for contaminateq soils. In thig
regard, EBDSM 5’ . emerging technology gaining
acceptance for cconomical treatment of excavategd
surface and subsyrface contaminated soils. Bench-scae,
pilot-scale and full-scale applications have beep carried
out.

Ke togﬁ Engineered BioDegradation SystemSM

O} gy is a proprietary
process for biological treatment of contaminated sojls,
A service mark and patg}&under the namne Engineered
BioDegradation S » or EBDS®™M ave been
applied for. EBDSSM g ireatment is defined as a unjt
process that (rears contaminated sqj utilizing the
capacity of the soil magrix t0 biodegrade ang immobilize
the contaminants of interest. For such treatment, the
Proper environment must pe maintained to promote ang

ty

EBDSSM ¢4 treatment process design is based on a
number of factors including:

©  Contaminant types, concentration levels and

__extent, s
"0 Physical and chemical properties of the
-~ contaminants, )
1 Ex Sitn tmg

. : Trea
Engineered BloDegradation Syat
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DRAFT

Soil type and characteristics,
Hydrogeological conditions,

Site tapography,

Meteorologic conditions,

Proximity of site to receptors,
Potential emissions,

Potential expsure pathways,
Acceptable exposure jevels (AEL) and
Future development plans,

CoQLooo0oCcoo

Figure 1 schematically illustrates that EBDSSM 41

- ‘treatment is an aerobic soil mixture approximately 0.5 to

figure also indicates the numerous facﬁ‘j(,‘f accounted for
in design and operation of an EBDSM il treatment
ptocess. The contaminated soil can be handled in a
variety of manners t0 minimize odors and provide good
distribution by plowing, disc harrowing, or other similar
methods. Blending of highly contaminateq soils with
soils of lesser amounts of contamination is sometimes
necessary depending upon the type and concentration of
contamination. The mixng also provides aeration of the
soils to enhance biological activity. In some cases

In many situations the foundation of an EBDSSM unit
can be a specially prepared soil bed rather than a lined
system of some sort. The soil bed is designed to reduce

designed to prevent precipitation run on so thay water
moving ihrou §ﬁj around it can be controlled. The
size of an EBDS®M ynit can range from a quaster of an
acre to ten acres or more, The System is engineered in a
manner arpropn'atc for the situation taking into account
available land area, the amount of matcriafto be treated
and the time frame of treatment,

The viability of EBDSSM soil treatment rests on jts
capability to reduce the soil concentration of chemicals
of interest to acceptable fevels through biclogical and
chemical transformations along  with  controllin
emisgions, j.e. volatilization gﬁ leachate, of chemica
compounds from the EBDS treatment unit below
levels that could cause pubiic health or environmental
concern. Using the results of laborato experimenits, in
conjunction with transport and fate an is of particular

_:c:hef.\:ligaﬂ4 constituents of the soil, an evaluation of

=307 soil treatment can be performed,

2 Ex Site Trea
Engineered BioDegradatioa Sy M1
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FIGURE 1

KEYSTCNE'S EBDS®™ SOIL TREATMENT UNIT PROCESS SCHEMATIC
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PEBEOBMAI!CE;

“development. Closure may includq cover and gradxn_ghto
ms

Figure 2 is a schematic diagﬁn of a system to manage

impacted soils using EBDS treatment on site. Sojls
are excavated and hauled 10 3 biodegradation treatment
area located in a portion of the site where jt will not
interfere with the on-going development. The soj| is
treated for subsequent use, Two options are shown for
on site disposition of treated s0ils. " In one instance the
lreatment area can be designed to accumulate the soils
in layers so that over time the treated soils represent a
fill of significant thickness, When all soils are treated,
the treatment area is closed and incorporated into the

accumulated within the treated area.
requires an additional handling of the soil, by i can
produce a material of construction. The choice between
these two disposition alternatives wilj depend on site
characteristics, development lans, the nature of the
chemicals and other relevant actors. The criterion for
choosing a particular mana ement strategy is to satisfy
the relevant risk criteria amf the site development plans
in a cost effective manner,

Through extensive bench-scale, pilot-scale and full-scale
dcmorgﬂation testing, Keystone has determined that
EBDS ireatment is "a techpjca viable and
cconomically  attractive approach for biological
degradation of Organic materials from petroleum
retineries, wood treating facilities, chemical plants and
many other industries which have wastes containing
chemicals similar to coke/coal tar wastes.

urut treats approximatety 600 tons

treated. The objective of this system is 0 reduce or

climinate the previously listed chemicals i both the soil
and the soil-water leachate.

Figure 3 is an engi cering drawing shawing the plan -
oo zioWof ths untt S

are the treatment lot, a storm

o ~';f*::"';mngg_{ggggggg_ pond and a control plot. ntaminated
3

Ve

' ' . Ex Sits Trea
. Enginetred BloDegradation Sym‘::g
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SOILS PREDETERMINED SOILS ENCOUNTERED
TO NEED TREATMENT DURING CONSTRUCTION

f

!EXCAVATE AND HAUL

EBDS
TREATMENT
AREA

] !THEATED SOILS ] s

ACCUMULATE 1IN

REUSE ON sTITE
FINAL COVER
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soil to be treated is hauled into the treatment unit and
spread in an approximately 30 cm layer over the entire
unit. Amendments are added to provide proper nutrient
and pH control. The final grade of the applied soil is
sloped to direct runoff within the treatment area
towards the storm runoff retention pond. The final
slope 15 s¢t based on soil type to prevent ponding and
reduce or eliminate downward percolation while at the
same time being gradual enough to control soil erosion.
Site soil condittons are such that this particular
treatment E&lot is constructed of prepared soil bed with
no liner. Eastern berms are provided around the entire .
perimeter to control storia water runoff and run on. As

‘one layer of applied soil is treated, a second layer of

contaminated soll is placed on top of the treated soil for

subsequent biodegradation of soil contaminants.

Storm water from the treatment area is conveyed by
gravity to a lined retention pond. The pond is designed
to contain storm runoff from the treatment plot
corresponding to 2 25 year 24 hour storm event.
Collected water is reused on the treatment plot as
needed for moisture control. Supplemental water is also
available when needed.

008319

The particular_engineering design given also shows a
control plot. This plot was constructed and used for
fﬁauw assurance/quality control (QAJ/QC) purposes.
¢ control plot was not loaded with contaminated soil,
but was operated and monitored in the same manner as
the treatment plot and thus served to provide
background conditions. Operation and monitoring of
the control plot was only carried out during one trcag'm B
cycle after which time the capabilities of the EBDS
s0il treatment process were demonstrated.

EBDSM sqil treatment is very effective in reducing
biodegradable organic contaminants in soil.  As

evidenced by the data given in Table 1, over two years of

soil treatment with multiple treating cycles at the New

Hampshire site achieved 85 percent reduction in freon

extractables, a measire of hydrocarbons present, 73

percent reduction in pentact lorophenol and 87 percent

reduction in total polynuclear aromatic hydrocarbons

(PAH). The more soluble PAHs generally achieve

better reductions than the less soluble PAHs. Hence,

even though PAHs are still detectable, they are not very E
mobile due to limited solubility in water. &

The potential for !eachingnis;_‘auessed the Toxicity 3
Characteristics Leaching dure (TCLP). This test _
_-—1aixes water and solids under controlled conditions fora - -—}
" specific time period, after which the water is analyzed

for chemicals. Typical TCLP results from the New

DRAFT 4 : Ex Sitw Trestmept
Esgincered BloDegradatioa Systein

R
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TABLE 1

KEYSTONE'S EBDSSM SO[L TREATMENT PROCESS
l PERFORMANCE HIGHLIGHTS

Aqueous Untreated Soil Treated Soil
Solubility Avg. Conc. Avg. Conc. Percent
ihemical Parameters (ugl)  (mg/kg-dry weight) (mgkg-dry weight) Reduction
reon Extractables . 7235 1103 83
ie(roleum Hydrocarbons - - 227 680 69 g
entachlorophenol - 67 18 73
olvnuclear Aromatic .
Exd_rm_ué
LAV
pnaphthalene 31700 858 20 98 ™M
cenaphene 3930 314 19 94 ¢
Acenaphthylene - 25 <10 % o
thracene 73 1360 385 2 o
fl,:mrenc 1980 471 53 89
henanthrene 1290 1030 82 ['))
Benzo (a) anthracene 14 106 8 92
hrysene 2 89 13 86
| WRuoranthene 260 613 34 95
Pyrene 135 503 24 95
nzo (k) fluoranthene - 15 4 72
enzc (a) pyrene 38 23 9 61
enzo {b) fluoranthene - 33 17 49
ibenz éa,h) anthracene 2.49 12 11 - -
ndeno (1,2,3-c,d) pyrene - <112 4 .
nzo (g,h,i) perylene 0.26 113 1 __
Iotal PAH - 5472 695 87

Note: Data represents two month treating cycle. Depending upon site specific conditions and specific
operations, further reductions may be achievable.

Less than values represent detectable concentrations.
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Controlled 4
applicatiops and

ou
tilling

Properly
Cycles,

008321

stlffte s

5

M

: 8 budlity




TABLE 2

KEYSTONE'S EBDSSM SOIL TREATMENT PROCESS
TYPICAL TCLP EXTRACT PAH CONCENTRATIONS OF UNTREATED AND
TREATED SOIL

TCLP TCLP '

EE— Ageous __Before Afer -

N ~ Solubility Treatment Treatment _
Chemical Parameters (ug/L) “(mg/L) (mg/L) -

Naphthalene ) ) “31700 1.61 <(0.001
Acenaphthene 3930 0.213 <0.0005
Acenaphythlene - 0.052 <0.,0005
Anthracene 73 0.018 <0.0005
Fluorene 1980 0.159 <0.0005
Phenanathrene 1290 0.155 <0.0005
Benzo (a) anthracene 14 0.00008 <0.0005
Chrysene 2 <0.00015 <(.0005
Fluoranthene 260 0.0086 <0.0005

i

!

L

i

t

:

I

l .
I Pyrene 135 0.0063 <0.0005
!

g

i

B

B

b

i

'

008322

Benzo (a) pyrene 38 <0.00002 <0.0005
Benzo (b) fluoranthene . <0,00002 <0.0005
Dibenz éa,h) anthracene 2.49 <0.00003 <0.0005
Indeno (1,2,3-c.d) pyrene - <{(.00005 <0.0005
Benzo (g,h,i) perylene 0.26 <0.00005 <0.0005

Benzo ;ks fluroanthens <0.00002 <0.0005

Note: Less than values represent detectable concentrations.
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MEDIUM:

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF

INTEREST:

TECHENOLOGY
STATUS:

DESC ON;

INCINERATION
(Ex Situ Treatmeat)

All waste forms except large items which cannot be
easily reduced in size to Gt pormal incineration
equipment. Contaminated groundwater or surface
water are not logical candidates.

Thermal

Petroleum industry, waod treating industry, coke and

“coal tar distillation industry, manufactured gas plants,

chemical plants and other industries.

All organic chemicals of interest, ammonia and sulfur
containing inorganics. Metals are not treated.

Established technology for the treatment of industrial
hazardous wastes, Bench-scale, pilot-scale, full-scale,

Incineration nominally refers to the high temperature
oxidation of organic wastes, although incinerators can be
designed to treat contaminated water, sail and debris,
The basic incinerator process components typically
include a primary and secondary combustion chamber
follawed by an air pollution control system. The wastes
are fed to a primary incinerator and the organics are
volatilized into the gas phase and either pyrolized (in
starved air environments) of oxidized (in the presence of
air&to simgl(c)r combustion products such as CO,, H,0,
HCl and 304. Nitrogen containing compounds, i.c.
NQO,, may also be formed from combustion of nitrogen-
conﬁim‘ng organics or cyanides or fixation of nitrogen in
air. Liquid wastes can often be incinerated completely
using a single high temperature combustion chamber.
For solid or sludge wastes, a higher temperature
secondary combustion chamber C) is usuvally
required after the primary combusiion chamber to
ensure complete destruction of ali volatilized organics
that might remain in the primary combustion fuel gas.

A general schematic flow diagram of the basic system
components for a conventional incineration system is
gven in Figure 1. This system is described below.

- The principal functions of the solids

Esed systern
- -materials handling and feed systems are: (1) 10 alter the
“solid waite physicid  charactenstics by

shredding/crushing, screening and blending so the

Mii “ﬁi:
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FIGURIE t ‘
SCHEMATIC BLOCK FLOW DIAGRAM OF AN INCINERATION SYSTEM

WASTES . -
* EXHAUSTTO ArMOSPHERL:

i[ FEED HEAT f

HANDLING ~®] COMBUSTION] . RECOVERY APCSYSTEM ——{  STACK

! SYSTEM CHAMBER (OPTIONAL) (WETOR [§RY SYSTEM)

ASH SLUDGE WASTE WATER TREATED WASTEW 1

HANDLING 3E WASTE ER TREATED WASTEWATTR
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materials can be fed into the thermal treatment system,
and (2) to provide an inventory of feed materials.
Dewatering is recommended if the wastes contain mote
than 30 percent water.

Thermal Processing Equipment - Thermal processing
equipment typically consists of a primary and secondary
device, although some systems use a single unit
operation, ¢.g. mast flutd bed and all liquid incinerators.
The primary chamber may be operated in either an

- -oxidative or pyrolyiic (starved air) mode or may function

-as a thermal desorber to vaponze and separate
contaminants from the nonvolatile inert solids. The off-
gas from the primary chamber is typically combusted
under oxidative conditions in a secondary combustion
chamber.

Ash Handling Equipment - Ash treatment systems may
include: (1) adding water to cocl the ash and minirmize
potential dust problems, (2) cooling the ash by
exchanging heat wit!: either air or water, or (3) storing
the ash until it can slowly cool by natural radiation and
convection. Heavy metals are mostly concentrated in
the ash and must be analyzed to determine if the
%eac{:ablc metal concentrations exceed EPA toxicity
cvels.

Heat Recovery - Encr%y recovery is an mportans
economic consideration for large fixed-base facilities,
particularly if auxiliary fuel requirements are high and
there is a readily availabie outlet for the steam (and/or
electricity) which can be produced.

' - Three types
of APC systems are commonly used: wet systems, dry
systems and acid gas neutralization. Dry system are
usually more efficient than wet systems.

APC _Process Residue Treatment - All types of APC
systems will generate a "hy product” or "blowdown”
which will require -treatment and/ot diérosal. Wet
scrubbing systems produce and aqueous effluent (purge)
streamn that may require pH adjusiment, heavy metals
removal and/or suspended solids removal before
disposal. The dry in situ systems produce solid salt
residues during the acid gas neutralization step, These
salts are collected in a cyclone and baghouse and must

be disposed of.

Treatment efficiency as measured by Destruction
Removal Efficiency (DRE) has been measured as

___>99.99 percent for vanous hazardcus organic chemicals.
—-Specific DRE data far chemicals of interest are not
available, Performance of on-site incineration has ot




been well demonstrated, although treatment efficien
for chemicals of interest other than matals js expected to
adequate to meet any regulatory criteria,
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' PROCESS TYPE:
RELATED

§ SUEEXPERIENCE;

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:

SC ON:

DRAFT

reatment plant for necessa

SOIL WASHING
(Ex Situ Treatment)

Contaminatea soils or solids (e.g. debris).

Physical

Woad treating industry, coke. and coal tar distillation
industry. " o

Water soluble compounds of interest ( phenols) are most
applicable.  Compounds having reasonable water
solubility (aromatics, napthalene) may be applicable.
PAHs could be app“~able if surfactants Or organic
solvents can be used. Metals and insoluble cyanide salts
are potentially extractable using acid or chelant aquecus
wash,

Developing tcchnolo%y that has been rimarily
demonstrated in the aboratory. Bench-sca e, pilot-
scale.  Established technology in the ¢oal mining
industry.

Soil washing is a physical separation procedure for
detoxifying contaminated soil that involves the washing
of contarninants from the soil (or other inert solids) into
a liquid medium. This technique can be carmed out in
cquipment that is designed for contacting excavated soil
with the liquid, or the washing can be carried out in sity
by applying or injcctinﬁ the liquid into contaminated soj],
After contact with the soil, the washing solution is
treated for removal of the contaminanis and then
recycled for additional scil washing. In some cases
multiple  washings are required to reduce the
contaminant concentration to acceptably low levels, For
cleanups involving excavations, the decontaminated soil
is redeposited in the excavation area,

Figure 1 represents a schematic of a full-scale soil
washing system in which the contaminated solid
materials are charged to the unit in conjunction with the
washing solutim}.' , Baﬁ onl the s&l cleanup
Fequirements, multiple washing cycles nia necessary.
The cleaned solicr materials can augscquantly be
discharged back to the site, The washing solution can be
reused in the process or discharged to a wastewater

Generally, contaminants are held on the solid surface by

1 ExSitaTreatment
| Sl Vi

Iy treatment,. ..
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FIGURE 1
SOIL. WASHING SCHEMATIC DIAGRAM
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A

one or more physical/chemical phenomena.  The
mechanisms responsible for holding contaminants are
éntrapment, adsorption and chemical reactjons.
Entrapment and adsorption occurs when contaminants
cannot become/remain soluble and have taken up the
available adsorption sites of the solid surface. The

oL

in the soil washing process, e

PERFORMANCE: Bench scale soil washing testing performed by Keystone
T ) on solid matenals obtained from various wood treating
== facilities indicates that PCP removal up to 100%, total

PAHs (creosote com unds) removal up t0 95% and oil

and grease remava Up to 99% can be achjeved.

However, site specific conditions may impact on the

removal efficiency that cap be achieved for the

chemicals of interést. Therefore site specific conditions

need to be considered to properly implement thjs
technology.

v

-

&

L
.
s ¥

-

P
.
.

r

.o

L}

s l
i .

)

*

. Ex Site Treatment
S | Soil Washiug

A—
’ I
'

fer ] .

008329



MEDIUM:

PROCESS TYPE.:
RELATED

SITE EXPERIENCE:

APPLICABLE
CHEMICALS OF

INTEREST:

TECHNOLOGY
STATLS;

DESCRIPTION:

STABILIZATION
(Ex Situ Treatment)

Sludges: potentially solid residues and contaminated
soils,

Chemical/physical

Petroleum industry wood treating industry, chemical
industry. o

Metals, CN. Low concentrations of organic chemicals of
interest.

Established technology with changing modifications.
Bench-scale, pilot-scale, full-scale.

008330

Stabilization refers to treatment processes which are
intended to modify the characteristics of wastes or
contaminated materials to facilitate handling and
disposal and decrease the potential for release of
pollutants.

The process operation can take place in sity, on site
using transportable process equipment, or at a fixed
based disposal facility. Equipment requirements are
largely determined by the type of mixing employed. All
systems consist of the following steps: -

0 Mixing the waste with the treatment ingredients,

Q Allowing time for the absorption, gelling
reaction, or curing to take place and

0 Disposition of the solidified product.

In situ mixng is primanly suitable for the closure of
liquid or slurry holding ponds or fagoons. Although site
closures have been done using standard zarth-moving
cqluipmcnt, such as bulldozers and backhoes to mix the
solidifyiny ingredients into the waste, specialized
e%uipment has been developed by some vendors
whereby the solidifying ingredients are fed, injected and
mixed into the waste by pneumatic vibrating "fingsrs”. ,
The mixture is allowed to cure and temain in place. The 8
pond is closed in stages. Solidification is first done near . .- =§%

- ~—“a bank and when the waste is cured to an adequate

compressive strength, the equipment is moved onto the
treated area and another section is then solidified. An

Ex Sita Trestinent
Stabilizatiox
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alternative in-place technique, the JST Method which js
to be tried at a Superfund site, uses 4 giant auger tg
loosen and blend the soijl with stabilization agents, with

the entire ‘ontaminated soil volyme IS treated
(Hazardous Waste Consultant, 1987). Quality contro]
can be a problem with in-place mixing,

On-site muang s primarily used for site cleanup and
Closure of waste ponds Or contaminated solids. Mag

~—Stabilization vendors today have specialized mobile

midng plants that can be brought readily to the sjte

-~ adjacent 10 the waste, Otherwise conventional/mortar

muang equipment o ugritill systems can be assembied.

€ waste is conveyed to the mobile unit and mixed with
the solidifying ingredients and thep js usually discharged
to a nearby specially Frcpared area for curing prior to
placement in a landfj ot vault on site or transfered off
site. Materials handiing is a major factor in performing
stabilization. Wastes before and immcdiatcly after
treatmeat are oftep pumpable and can be conveyed to
and from the mixer by pipeline. Otherwise, dredgin
equipment and trucks or mobile containers are yse .
Contaminated soils must be handled using  solids-
transfer equipment. The size of solids which cap be
transferred and mixed wijl be limited depending on the
type of system.

Performance has traditionally been determined by
measuring the concentration of EPA designated
contaminants in an aqueous extract of a treated waste
sample. Various vendors practicing stabilization have
reported concentration of metals cap be as fow as EPA
drinking water standards for suitable wastes and

leached organic contaminants. Test data for basically
inorganic sludges containing low levels of PAH have
shown less than | peb PAH in exiract, Performance as
determined by achieving a solid materiaj (no free liquid)
with characteristics suitable for placement in 3 landfill
has been demonstrated On inorganic and organic
sludges.  Performance s very waste-dcpendpnt and

008331
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MEDIUM:
PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
[NTEREST:

TECENOLOGY
STATUS:

DRAFT

~ None

THERMAL DESORPTION
(Ex Situ Treatment)

Soils, sediments and sludges.

Thermal/physical separation

All organic chemicals of interest and cyanide.

Emerging technology for treating wastes or
contaminated solids. Previously utilized for chemical
manufacturing and incineration of sludges and soils.
Bench-scale, limited pilot-scale and limited fuli-scale.

Thermal desorption refers to the separation of chemical
constituents that can be volatilized from nonvolatile
solids, such as soil. It requires heating the solid to
elevate the vapor pressure of the chemical to enable
diffusion through and volatilization from the waste in a
reasonable time. Desorption temperatures are lower,
and in most cases much lower, than the temperature
required for thermally induced decomposition reactions,
¢.g. oxidation and pyrolysis, to occur. This distinguishes
thermal desorption from incineration, in which
combustion (destruction) of the contaminants is
intended. A schematic diagram of a typical thermal
desorber system is presented in Figure 1.

Thermal desorption can be coupled with incineration to
destroy the volatilized constituents. On the other hand,
alternative process techniques can be used for collecting
the volatilized constituents. In this case, the process
serves as a volume reduction technique, concentratin
the contaminants in a very s volume, whic
facilitates disposal -or treatment and provides the
opportunity in certain cases for recovery/reuse.

Thermal desorption can be performed in a variety of
types of equipment which can provide adequate heat
transfer and vapar release. As with incineration of soils
or sludges, the total heat required is a function of the
amount of moisture, and to a lesser extent organic
content of the solid (soil), and the temperature that must
be achieved. Indirect heat transfer is preferred since the

i:_ﬁguantity of desorber off-gas is much lower than for

irect heating options, either direct fired, e.

dln, or
those using hot gas, e.g. fluid bed. In fact, for

esorption

i Ex Sita Treatment
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- PERFORMANCE:

systems that employ off-gas treatment/collection
processes rather than incineration, the volume of
process emissions is so low that the totaj system might be
considered “closed”. The choice of desorber for treating
a particular contaminated solid depends on the required
desorption temperature and the physical characteristics
of the solid. Maximum solids tem ratures required
may range from 150 to over 500°C. Volatile organic
solvents can be desorbed using steam as a heat soyrce:
less volatile matenals require higher temperature heat
transfer fluids or a furnace. _

A large fixed-base facility las been used for treating
contaminated soils from abandoned coal gasification

lants as well as other c.ntaminated soils in the
Elcthcrtands. This unit, designed, buili and operated by
Ecotechniek, has been operating since 1983. It uses an
indirectly heated rotary desorber with an oil-fired fume
incinerator for off-gas treatment. PAH levels have been
reduced from over 1,000 ppm to fess than 1 pm,; total
benzene, toluene, xylene, and naphthalene have been
reduced from 100 ppm to less than 1 ppm; cyanides have
been reduced from 80 ppm to less thap | ppm. Higher
treatment efficiencies could have been achieved with
more rigorous desorption conditions. A pilot-scale study
of coal gasification plant soils was conducted by another
Netherlands firm which followed extensive laboratory
treatability tests. Cyanide levels were reduced at 2 ppm
at 300°C desorption temperatures, whereas PNAs were
reduced to less than 10 ppb, the analytical detection
limit. This pilot unit consisted of an indirectly heated
rotary desorber followed by a fume incinerator,

Pilot-scale tests have also been conducted by several
firms at different sites. Table | summarizes these tests.
Laboratory testing by IT of sludge from a wood-
treatment site demonstrated PAHs were reduced from
>10,000 pp, to nondetectable levels (<2 ppm).
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4.1

OFF-SITE WATER DISPOSAL.

INDUSTRIAL TREATMENT WORKS
POTW

NPDES

008336




B Ies : . E - _

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

AP?LICABLE
CHEMICALS
OF INTEREST:

TECHNOLOGY

DESCRIPTION:

008337

.

INDUSTRIAL TREATMENT WORKS

- Teconomic alternatives, - U

“Wood treating industry, coke and coal tar distillation
industry, chemical plants and other industries. -

(Discharge)

Raw and untreated groundwater, surface waters and
process wastewaters.

Discharge to a permitted industnal treatment works.

All chemicals of intcrest provided that the receiving
treatment works can handle the particular wastewater.

Established alternative, Full-scale.

This option involves the transport of contaminated
wastewater to industrial facilities which are capable of
providing the type of treatment required for restoration.
A typical example is the DuPont treaiment works
located near Philadeiphia, Pennsylvania. DuPont
operates a large scale activated sludge system which uses
powdered activated carbon in its process. This system,
which has a capacity that exceeds the treatment
demands of Dupont, accepts wastewater for treatment
on a surcharge basis.

If an acceptable industrial treatment facility is not
available on or adjacent to the site, the primary
regulatory considerations for this option would be
transportation regulations under the U.S. Department
of Transportation or the states. The major factors
governing the transportation of liquids include
classification, i.c. hazardous or ronhazardous, quantity,
composition and method and route of shipment.

Additionally, if a wastewater is RCRA hazardous, a
manifest system must be followed during shipment.
Relevant US. Department of Transportation
regulations can be found in the Code of Federal
Regulations (49 CFR).

Other factors which must be considered include
pretreatment considerations, surcharge fees and other
economic considerstions, volume and duration, health

.—and risk assessment considerations, and technical and

Accepted industrial practice when economically

. | ’ Discharge
- Industrisl Treatment Works

e
'

G
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justified. Performance data are not presented due to the
specific nature of each particular application.
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PROCESS TYPES;

RELATED SITE

""" EXPERIENCE:

APPLICABLEOF
CHEMICALS
INTEREST;

TECHNOLOGY
STATUS:

DESCRIPTION:

POTW
(Discharge)

Raw and treated groundwaters, surface waters and
process wastewaters,

Discharge accordin ta the permit re uirements of the
particular Publicly (gwned Treatment Works (POTW),

: Petroleum_ industry, wood treating industry, coke and
coal tar distillation industry, Manufactured gas plants,
chemical plants and other industries,

All chemicals of interest provided that pretreatment
limitations can be cconomically achieved,

Established alternative with increasing applications dye

to increasingly more stringent NPD requirements.
Pilot-scale, full-scale.

Publicly Owned Treatment Works (POTW) are used for
domestic wastewater treatment as mandated by the
Clean Water Act of 1977, These systems typically
consist of several wastewater treatment processes,
d%pendmg on the degree of treatmen required. The
EPA ]

pretreatment standards to control the introduction of
industrial poilutants into POT WS, These regulations are
termed pretreatment standards and can vary for
different POYWs, States and loca) municipalities have
also been given authorization by the EPA to establish
limits for discharge of wastewater to these POTWs, but
these regulations must, at a minimum, be eduivalent to
Federal regulations. The more stringent of the Federaj
and state regulations usually apply to the discharged
wastewater. Amendments to the ean Water Act have
been issued as recently as 1987 angd can be expected to

Regulations Boverning discharges to POTWs depend on
the effluent standards that the POTW myst meet, the
treatment capabilities of the POTW and the demand
(hydraulic and ogollutam) on the facility. All treatment
works must obtain a National Pollution Discharge
Elimination System (NPDES) permit, Based on this
permit, the governing authority of the treatment works
(usually a city or county government) establisheg ¢riteria

" B
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PERFORMANCE;:

‘which the co-treatment of groundwaters from a

with which users of the System must comply,

Other considerations regarding the use of POTWs for
discharge of wastewater include cconomiics, e.g.
transportation and basic service, POTW process
constraints and attitude of the |ocal authorities (and
public) towards wastewaters discharges to the POTW,

Full-scale data regarding POTW  co-treatmen; of
wastewaiers contaminated with chemicals of interest are
not available. However, data from a pilot-scale sturs?r in

\ GP
site with a typical POTW influent (municipal

- wastewater) was evaluated indicates that the addition of

slightly to moderately contaminated wastewaters at
fraction (up to 20%) of the total wastewater flow shoy|qd
result in non-measurable effects in terms of activated
siudge treatment perfcimance and non-significant
effects in terms of treated discharge quality.
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MEDIUM:

—

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS

OF INTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION:

o BT

NPDES .
(Discharge)

Raw and treated groundwaters, surface waters and
process wastewaters.

Discharge according to a National Pollution Discharge
Elimination System (NPDES) permit.

Petroleum industry, wood treating industry, coke and
coal tar distillation inductry, chemical plants and other
industries.

All cheniicals of interest provided that discharge
limitations can be economically achieved.

Established aiternative but increasingly more stringent
permit requirements have reduced its applicability. Full-
scale,

This option requires a permit from the EPA that will
allow for the discharge of wastewater to a receiving body
of water (e.g., river, lake). These permiis require that
the wastewater dischiarge meet certain quality criteria
guidelines which are usually very stringent. Pursuance of
a National Pollution Discharge Elimination System
(NPDES) permit is typically conducted only whea
dischatge to a POTW cannot be¢ obtained. Conditions
that could require the need of an NPDES permit
include:

0 No available sewer hook up with a POTW or no
available industrial treatment facility,

An unwilligfncss of POTW personnel to issue a
permit and/or an unwillingness of aeighboring
industrial facilities 10 accept offsite wastewaters
and

The discharge of a wastewater that will exceed
%c_{%}ﬂically or otherwise) the limitations of the

The Federal Clean Water Act as amended in 1987

”ﬁ'Povxdes the EPA with the authority to require a

DES permit for any discharge of wastewater tc a

receiving body of water. This would include injection or

land application if the discharge could contaminant a
shallow aquifer or local surface weters, Additional

Discharge
NPDES
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PERFORMANCE:
DRAFT

008342

~which must be considere

regulations as specified by the Coastal Zone
Management Act may alsa need to be considered for
coastal areas,

The criteria established in an NPDES permit can vary
significantly from onc location to another. In most cases
the limits are negotiable. However, obtaining an
NPDES permit can be a lengthy process. Other factors

gé)r this option include
economic consideratioas, pretreatment requirements
and proximity of the receiving body of water.

Accepted industnial practice where discharge limitations
can be economically achieved. Required performance is
determined on a case by case basis by the regulatory
agency which regulates the specific discharge.
Performance data are not presented due tc the specific
nature of each particular application.
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4.2

ON-SITE SOIL/RESIDUE DISPOSAL
ON-SITE LANDFILL

0083453
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MEDIUM:

REVATED SITE
APERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

T'ECHNOLOGY
STATUS:

DESCRIPTION:

ON SITE LANDFILL
(Ex Sity Contail_u_ne_a_:t)

All solid waste residues, cortaminated sojl o other
contaminated salid matenals ‘ : S o

Storager

Mmanagement contiols)

chemicals,

S X ) ) ) 5.3;

Past practice (withiout currently required engineering and
. + - - - - Qr
Theoretically, all chemicals of Interest if contained in 3 solid o
matrx could be considered for “interim" or long term 1
storage using a landill, Current regulations restrict use of o
fandfills based op free liquid content and toxicity of o
O

Established Technology with changing modifications,

restrictive, the design critena for lanafills have become
increasingly stringent. Secure landf)s are used for disposaj
of a wide variety of solid and semi-solid materias. Recent
regulations have placed restrictions on the type of waste
matetials which may be Placed in landfijls, Materials ma
be prohibited on the basis of liquid content, reactivity and/or
the presence of highly toxic or unstable materials.

Newly-constructed or existing landfills are applicable for the
disposal of wastes and contaminated soils excavated as part
of site cleanup and partiai or complete removal actions.
These facilities have low permeability liners, leachate
collection systems ang leak detection zones, They also have

low permeability caps that encapsulate the waste and
prevent any migration of wastes from the landfiil,

Variations of this design may satisfy the requirements of

T e

RA, but should inclgﬁg{jl;g_gqﬂgmgasa minimum; —

o Cap -

- 2feet of cover soil suitable for vegetation

1 © ON SITE LANDFILL




ERFORMANCE:

- Infiltration zone permeability of at least 10-3 cm/sec

2 feet of Jow fmeability materal; rmeability less
than oncmfsﬁc pe S

- Synthetic membrane

I teston one permeabity of ateast
- }g_%CSSLcS‘edcetection Zone; permeability of at least
. ;‘ahge:tl gggmgmcabﬂjty material; permeability less

On-site landfills are cffective techniques for disposal of

contaminated materials, byt there is stiil the possibility that

the material weuld need tgo be removed to a permanent

facility in the future. Monitoring would have to be
performed on a continua] basis to assure that the matenial is
still contained and not contaminating the groundwater. This
would add to the maintenance and operating costs of the
site. On-site landfills can be implemented as a temporary
solytion to immediate problems of containment

e e
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4.5

OFF-SITE SOIL RESIDUE DISPOSAL
OFF-SITE LANDFILL
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TEDIUM:

=D

PROCESS TYPE:

RELATED SITE
EXPERIENCE:

APPLICABLE
CHEMICALS OF
INTEREST:

TECHNOLOGY
STATUS:

DESCRIPTION:

QFF SITE LANDFILL
(Ex Situ Containment)

All solid waste residues, contaminated soil
contaminated solid matenals

or other

Storage

Past practice (without currently required engineering and
management controls). )

Theoretically, all chemicals of interest if contained in a sotid
matrix could be considered for "interim” or long term
storage using a landfill. Current regulations restrict use of
landfills based on free liquid content and toxcity of
chemicals

Established Technology with changing miodifications

A secure landfill is a facility which provides long term
isolation of waste materials while minimizing the release of
contaminants to the environment. Secure landfills are
designed to limit the release of leached contaminants into
the groundwater, runoff to surface waters and dispersing
into the air. As regulatory requirements have become mare
restrictive, the design criteria for landfills have become
increasingly stringent. Secure landfills are used for disposal
of a wide variety of solid and semi-solid materials. Recent
regulations have placed restrictions on the type of waste
materials which may be placed in landfills. Maternials may
be prohibited on the basis of liquid content, reactivity and/or
the presence of highly toxic or unstable materials.

Newly-constructed or existing landfills are applicable for the
disposal of wastes and contaminated soils excavated as part
of site cleanup and partial or com%letc removal actions.
These facilities have low permeability liners, leachate
collection systems and leak detection zones. They also have
low permeability caps that encapsulate the waste and
prevent any migration of wastes from the landfill.

Variations of this design may satisfy the requirements of
RCRA, but should include the following as 2 minimum:

1 OFF SITE LANDFILL
© (Ex Sitm Contahgment)
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PERFORMANCE:

+ feetof cover soil suitable for vegetation

+ Infiitration zone permeability of at least 10°? cmsec

- 2 feet o low permeability material: permeability less

than 10" cm/se¢ s s

-+ -Synthetic membrane

0 Liner

- Leachate collection zone permeability of at least 103
crLsec

+ Synthetic membrane

- Leachate detection Zone; permeability of at least 10-3
cm/sec

< 2 feet og low permeability material; permeability less
than 10°/ cmy/sec

Off site disposal involves the excavation and removal of
waste piles, contaminated sojs and the transport of these
materials to a suyitable hazardous waste disposal facility,
Under CERCLA, off site disposal will not require a permit
for hazardous waste transport;  however, licensed
transporters are required to hau) the matenal to a RCRA-
permitted facility.

Preliminary estimates indicate that off site disposal may be
cost effective when dealing with small volumes of material,
Off site disposal would essentially eliminate any long term
effects of tgg contaminants to the site area. Shori term
effects might be more pronounced, however, because of the
public health and eavironmental risks associated with
transport of wastes from the site, In addition, disposal of
wastes at a remote facility does not destroy the wastes, byt
only relocates them,

¥
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APPENDIX C

DETAILED COST ESTIMATES
FEASIBILITY STUDY
SOUTH CAVALCADE SITE
HOUSTON, TEXAS

Prepared for:

KOPPERS CO., INC.
PREVIOUSLY OPERATED PROPERTY
PITTSBURGH, PENNSYLVANIA 15219

Preapred by:

KEYSTONE ENVIRONMENTAL RESOURCES, INC,
440 COLLEGE PARK DRIVE
MONROEVILLE, PA 15146

Project No. 157373.12

AUGUST 19388
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TABLE C.1
SOUTH CAYALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE |

- : - CAPITAL
EQUIPMENT COST 7 7 - COST

L. Deep Well Installed $30,000
2. Signs $1,000
3. Health and Safety

During Construction

Four weeks @ $4,000/week $16,000
4. Baseline Soil Samplin

10 samples @ $935/sample $9,350

Capital Cost $76,350

Contingency Allowances

(25% of Capital Costs) $19,088

TOTAL CAPITAL COSTS $95,418
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ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTER

o‘a’

TABLEC.2 *°

NO ACTION ALTERNATIVE
(Based on 365 Operating Days Annually)
| ANNUAL iz
COST
A. ANALYSES
L. Sample Collec'ton Cost
$400/ man-day @ 12 man days plus travel $8,800
2. Monitoring Well Analyses T2}
grPAH and Metals @ $935/well =
Wice per year from 6 wells) $11,220 Ay
3. Soil Analyses e}
PAH and Metals @ $935/sample . ]
one time a year from three O
locations $2.805
SUBTOTAL A $22,805
B. REPLACEMENT COSTS
1 Well casing replacement £5,000
SUBTOTAL B $5,000
TOTAL ANNUAL OPERATING COSTS (A+B) $27,825
PRESENT WORTH FOR ALTERNATIVE 1
NO ACTION (10% INTEREST RATE AND
30 YEAR DURATION) $384,000
C-2 -
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TABLE C-3

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 2
EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL
COST COST
A. STABILIZATION
L BreakUpSeil 30000 —  CY = $800 S$240000
2. Mixing and
Stabilization 45000 TONS 320000  $9,000,000
. e SRl b e awn s e sE
Compact 15,500 SY $2.00 $31,000
SUBTOTAL A STABILIZATION COSTS $9,271,000
B. CONCRETE CAP
1. Site Preparation 15,500 SY $1.50 $23,250
2. Aggregate Base 15,500 SY $5.00 $77,500
(12 inch high)
3. Vapor Barrier 15,500 SY $.50 $7,750
4. Concrete Pavement
(8 inch thick) 15,500 SY $25.00 $387,500
SUBTOTAL B-CONCRETE CAP $496,000
C. INDIRECT COSTS
1. Engineering Costs (5% of A+ B) $490,000
2.  Adminstration (5% of A+B) $490,000
3. Laboratory & Pilot Study $100,000
4. Construction Management (5% of A+B) $490,000
5. Laboratory Analysis (100 samples @ $935/sample) $93,500
SUBTOTAL C $1,663,500
Capital Costs $11,430,500
Contingency Allowances (25% of
- Capital Costs) _ - $2,358,000
TOTAL CAP[TAL COSTS ALTERNATIVE 3 $14,288,500
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TABLE C4
SOUTH CAVALCADE SITE .

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 2

(Based on 365 Operating Days Annually)

ANNUAL o -
COSTS
A. MAINTENANCE
L Concrete Cap
10% of Subtctal B A
oncrete Capital Costs) $50,000 o
SUBTOTAL A $50,000 Ll
109
O
TOTAL ANNUAL OPERATING COSTS A $50,000 ©
PRESENT WORTH FOR ALTERNATIVE 2
(10% INTEKEST RATE AND 30 YEAR
b URATION) h) 14,800,000
C4q
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TABLE C-§
SOUTH CAVALCADE SITE
DETAILED COST ESTEMATE FOR ALTERNATIVE 3

EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL

COST COST

A. EXCAVATION

1. Excavation 30,000 CY $8.00 $240,000
2. Import Fill 30,000 CY $5.00 $150,000
3. Backfill - ’

[Seed 30,000 CY $4.00 $120,000
SUBTOTAL A EXCAVATION $510,000

B. OFF-SITE LANDFILL
1. Disposal @20 Tons/Load

Hauling 2250 LOADS $600.00 $1,350,000
150 miles @ S4/Miles
2. Material
Disposal 45,000 TONS $125.00 $5,625,000
SUBTOTAL B OFF-SITE LANDFILL $6,975,000

C. INDIRECT COSTS

1. Engineering Costs 10% cf A $51,000
2. Administration [10% of (A+B less disposal fee)] $186,000
3. Construction Management [10% of {A+B less disposal fee)] $186,000
4. Laboratory Analysis 100 samples @ $935/sample $93,500
SUBTOTAL C INDIRECT COSTS $516,500
Capital Costs (A+B+C) $8,001,500
Contingency Allowances (25% of
Capital Costs) $2,000,000
TOTAL CAPITAL COSTS ALTERNATIVE 3 $10,000,000

THERE ARE NO O & M COSTS ASSOCIATED WITH THIS ALTERNATIVE

- PRESENT WORTH FOR AL TERNATIVE 3 : o

(10% REST RA‘I'E 30 . 7 . e =SS
DURATION) ‘ $10,000,000

C-5

008356

008356




008357

L VS N URGY L OV ST LS PP S S Y e e e mn A+ o 3
i e F““i?:’s:#.f’ﬂ:::w

I TABLE C-6
SOUTH CAVALCADE SITE
l DETAILED COST ESTIMATE FOR ALTERNATIVE 4
' SOIL WASHING TREATMENT OPTION
l EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL
COST COST
l A. MATERIAL HANDLING S e e
_ 1. Excavate 30,000 CY $8.00 $240,030
2. Mixing
& Handling 36,000 CY $15.00 $450,000
. 3. Backfill
& Compact 32,000 CYy $3.50 $120,000
l SUBTOTAL A MATERIAL HANDLING $810,000
l B. SOIL WASHING
1. Treatment
I Systemn
Mobilization
/Demabilization 1 LS  $15,000.00 $15,000
' 2. Treatment
Equipment
l Rental 60 MO  $58,000.00 $3,480,000
3. Operating
l Materials 1 LS $50,000.00 $50,000
4. Miscellaneous 1 LS 340,000.00 $40,000
I SUBTOTAL B SOIL WASHING $3,585,000
l C. INDIRECT COSTS
I L. Engineering Costs (10% of A+B) $440,000
2. Administration (15% of A+ B) $660,000
l 3. Laboratory Analysis (100 samples @$935/sample) $93,500
| ~PURTOTALCINDIRECTCOSTS == o= = g1 joys00
. C-6
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TABLE C-6 (CONTIN UED)

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNA

TIVE 4

SOIL WASHING TREATMENT OPTION -

EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL
COST COST

Capital Costs (A+B+C) $5.588,500 R
Contingency Allowances(25% of e
Capital Costs) _ , 81,397,000
TOTAL CAPITAL COSTS ALTERNATIVE 4
SOIL WASHING TREATMENT OPTION $6,986,000

THERE ARE NO O&M COST ASSOCIATED WITH THIS ALTERNATIVE

PRESENT WORTH FOR ALTERNATIVE 4
SOIL WASHING TREATMENT OPTION
(10% INTEREST RATE AND 30 YEAR
DURATION)

C.7

$7,000,000

D0B8358




SUBTOTAL B ON-SITE INCINERATION

C. INDIRECT COSTS
1. Engineering Costs (5% of A+B)
2. Administration (15% of A+B)
3. Samples Anaiyses (100 samples @ $935/sample

SUBTOTAL C INDIRECT COSTS

TABLE C.7
SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALT ERNATIVE 4
ON-SITE INCINERATION TREATMENT OPTION
EQUIPMENT COST QUANTITY UNIT UNIT
, 7 COST
A. MATERIAL HANDLING o
1. Excavate 30,000 cY $8.00
2. Mixing
& Handling 30,000 CY $15.00
3. Import Fill 16,000 CYy $4.00
4. Backfill
& Compact 30,000 CY $3.50
SUBTOTAL A MATERIAL HANDLIN G
B. ON-SITEIN CINERATION
1. Treatment
Svstem
Mobilization
/Demobilization | LS £15,000.00
2. Treatment
uipment
Rental 30,000 CY $200.00

$1,433,500

CAPITAL
COST

$240,000 7

$450,000
$40,000

$105,000

$835,000

008359

$15,000

$6,000,000

$6,015,000

$340,000
$1,000,000
$93,500

Ay
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TABLE C-7 (CONTINUED)

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 4
ON-SITE INCINERATION TREATMENT OPTION

EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL
COST COST

— )
Capital Costs (A+B+C) | 88283500
Contingency Allowances(25% of o
Capital Costs) $2,071,000
TOTAL CAPITAL COSTS ALTERNATIVE 4
ON-SITE INCINERATION TREATMENT OPTION $10,354,000

THERE ARE NO O&M COST ASSOCIATED WITH THIS ALTERNATIVE O

(S
PRESENT WORTH FOR ALTERNATIVE 4 o)
ON-SITE INCINERATION TREATMENT OPTION o
(10% INTEREST RATE AND 30 YEAR it
DURATION) $10,400,000 P

=] ‘V;‘V_--
C-9 .




TABLE C-8
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE 5
BIORECLAMATION SOIL TREATMENT QPTION

EQUIPMENT QUANTITY UNIT UNIT CAPITAL
COST COST
A. INSTALIATION
1. Excavate o
trenches S00 LF $3.00 $1,500
2. Install
and Cover
Pipe 500 LF $5.00 $2,500
2. Instail
Percolation
Pipe 8,900 LF $2.00 $17,800
4. Surface Cover 3,200 CY $10.00 32,000
5. Install
Fence 4,300 LF $15.00 $64,500
SUBTOTAL A INSTALLATION COSTS $118,300
B. DISPOSAL
1. Material
Disposal 85 TONS $125.00 $10,600
2. Hauling
150 miles @ $4/mile 5 LOADS $600.00 $3,000
3. Repair
Pavement 800 SF $20.00 $16,000
SUBTOTAL B DISPOSAL COSTS $29,600
C. INDIRECT
1. Engineering (10% A&B) $15,000
2.  Admninistration (10% A&B) $15,000
3. Construction Management (10% A&B) $15,000
4. Laboratory analysis 100 Samples @ $935/Sample $93,500
5. . Pﬂ.QLS,tPQY = R B "'“—-§M~Q,, R
SUBTOTAL C INDIRECT COSTS $238,500

008361

C-10

008361
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TABLE C-8 (continued)

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE F OR ALTERNATIVE 5
BIORECLAMATION SO, TREATMENT OPTION

C-11

EQUIPMENT QUANTITY UNIT UNIT CAPITAL
COST COST
Capital Costs (A+B+C) - $386,400
‘Contingency Allowances (25% of T
Capital Costs) e e 596,600
TOTAL CAPITAL COSTS $483,000

© bR
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TABLE C-9
ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 5§
BICRECLAMATION SOIL TREATMENT OPTION

(‘NNUA!J e
COSTS
A. MAINTENANCE ’ §
1. Misccllaﬁeous cost
(fence, percolation pipe, etc.) $5.000
SUBTOTAL A MAINTENANCE $35,000 b
O
T8
o0
O
TOTAL ANNUAL OPERATING COST A $5,000 Q :
PRESENT WORTH FOR ALTERNATIVE §
BIORECLAMATION SOIL TREATMENT OPTION $530,000

C-12




TABLE C-10

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOE ALTERNATIVE §
SOIL FLUSHING TREATMENT OPTION

I EQUIPMENT QUANTITY UNIT UNIT CAPITAL
] - - | COST COST
i A. INSTALLATION e
) 1. Excavate | : -
l trenches 560 LF $390 ) CSLS00 L e
2. Install ' '
and Cover
' Pipe 500 LF $5.00 $2,500
2. lnstall <
l Percolation O
Pipe 8,900 LE $2.00 $17,800 "
l 4 Surtace Cover 3,200 cy $10.00 32,000 g
5. Install o
" ' Fence 4,300 LF $15.00 $64,500
SUBTOTAL A INSTALLATION COSTS $118,300 -
' B. DISPOSAL
1. Maternal
i Disposal 85 TONS  $125.00 $10,600 .
2. Hauling
I 150 miles @ $4/mile S LOADS $600.00 $3,000
3. Repair
! Pavement 800 SF $20.00 $16,000
\ SUBTOTAL B DISPOSAL COSTS $29,600
l C. INDIRECT
\ . 1. Engineering (10% A&B) $15,000
\ ' 2. Administration (10% A&B) $15,000
‘ . 3. Construction Management (10% A&B) $15,000
| 4. [Laboratory analysis 100 Samples @ $935/Sample -~ $193,500 -
\ PilotStudy . - - . . .. T $100.000 T
‘\ ) ~ SUBTOTAL C INDIRECT COSTS $238,500 ,,g

008364



‘ TABLE C-10 (continued)

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE §
SOIL FLUSHING TREATMENT OPTION

EQUIPMENT QUANTITY UNIT UNIT CAPITAL
COST COST

g sl

Capital Costs (A+ B+C) $386,460

Coﬁtingency Allowances (25% of ' : :
Capital Costs) - - : . S 596,600

TOTAL CAPITAL COSTS o e - 3483,000

£
%

A

008365

4
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TABLE C-11

ANNU*L OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 5

SOIL FLUSHING SOIL TREATMENT OPTION

© .. -ANNUAL

COSTS

A. MAINTENANCE

L Miscellaneous cost
(fence, percolation pipe, etc.)

SUBTOTAL A MAINTENAN CE

TOTAL ANNUAL, OPERATING COST A

PRESENT WORTH FOR ALTERNATIVE 5

C-15

2
i
i
i
i
i
i
i
L
- i SOIL FLUSHING SOIL TREATMENT OPTION
I
i
i
X
|
i
i
|
i

$5,000

$5,000

008366

$5,000

$530,000
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TABLE C-12
SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE ¢
EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL
COST COST
A. EXCAVATE
1.  Excavate 20,000 CY 58.00” o $240,000
2. Import ’
Fill , : 30,000 cY $5.00 $150,000
3. Backfill
fSeed 30,000 CY $4.00 $120,000
SUBTOTAL A EXCAVATE $510,000
B. OFF-SITE INCINERATION
1. Hauling
25 miles @ $4/mile 2,300 LOADS $100.00 $230,000
2. Incinerate
Soil 30,000 Y $1500.00 $45,000,000
SUBTOTAL B OFF-SITE INCIN ERATION $45,230,000
C. INDIRECT
. Engineering (1% A&B) $635,000
2. Administration (5% A&B) $3,175,000
3. Laboratory anaiysis 100 Samples @ 935/sample $93,500
SUBTOTAL C INDIRECT $3,903,500
Capital Costs (A+B+C) $49,643,500
Contingency Allowances (25% of
Capital Costs) $12,411,000
TOTAL CAPITAL COST $62,055,000

THERE IS NO O&M COSTS ASSOCIATED WITH THIS ALTERNATIVE

PRESENT WORTH FOR ALTERNATIVE ¢
(10% INTEREST RATE AND 30 YEAR
DURATION) =

$62,000,000

008367




TABLE C-13
SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 7
CAPITAL
EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL
COSsT COST
A, Collection and Recharge .
2 Systems i
1. Deep Well Instalied $50,000
e
2. Excavate Trenches 8,400 LF S1LF $8,400
3. Install Trench Piping 10,300 LF S4/LF $41,200
4. Cover Pipe Clean Fiil 950 CYy $10/CY 39,500
3
5. Pavement Demolition 750 SF $12/SF $9,000 O
6. Pavement Repair 750 SF $20/SF $20,000 g
7. Material Disposal 1400 tons  $125/ton $175,000 =
O
8. Disposal Hauling 70 loads  $600/1cad $42,000
9. Well Casings
(108 @ $5,000/casing) $540,000
10. Pumps (non centrifugal)
(108 @ $7,000/pump $756,000 -
11. Pump Piping $60,000
COLLECTION AND
RECHARGE SYSTEM DIRECT COST $1,711,100
Indirect Cost
1. Engineering Costs (10% of A&B) 170,000
2. Administration (10% of A&B) 170,000
3. Construction Management (10% of A&B) 170,000
TOTAL COLLECTION AND RECHARGE SYSTEM
INDIRECT COSTS $510,000
SUBTOTAL A COLLECTION AND
RECHARGE SYSTEM $2,221,100 -

1
1
{
i
[ i

C-17
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TABLE C-13 (CONTINUED)

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERMATIVE 7
CAPITAL ==
EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL
COST COST
B. Physical/Chemical Separation System U P
L. Egualization Tank w , - -
--5,000 gallons $30,000 x4
2. API Separator $126,000 =
3. Dehvdrator "
3,000 gailons $15,000
4. Effluent Tank g
3,000 gallons $15,000 "
3. Nutrient Equalization Tank w
5,000 galions $20,000 o
6. Polymer System $15,000 @
7. Polymer Pumps $3,500
8. pH Adjustment System $10,000
9. pH Pumps $5,000
10. Sludge Pumps 36,500
11, Effluent Pumps $7,500
12, Air Compressors (2)
100 ¢fm @ 25 Hp $16,000
13. Instrument Air Dryer (2) $13,500
14. Piping $75,000
15. Electrical $15,000
16. Instrumentation $18,000
17. Foundations and
Concrete Wark $35,000
18. Building $60,000 .
TOTAL PHYSICAL/CHEM ICAL
SEPARATION SYSTEM DIRECT COSTS $486,500

C-18




TABLE C-13 (CONTIN UED)

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 7
EQUIPMENT COST QUANTITY UNIT UNIT CAPITAL
COST COST
1. Engineering (10% of Direct Cost) $48,000
2. Construction Equipment Rental (Lump Sum) . $10,000
3. Construction Supervision (Lump Sum) —$5,000
4. Start-Up (lumpSum) $3,000
TOTAL PRYSICAL/CHEMICAL
SEPARATION SYSTEM INDIRECT COSTS $66,000
SUBTOTAL B OIL/WATER
SEPARATION SYSTEM $552,500
C. Miscellaneous Costs
1. Costs of Health and Safety
Requirements During
Coanstruction $16,000
2, State and Local Fees,
Permits,ete, $5,000
SUBTOTAL C MISCELLANEOUS COSTS $21,000
CAPITAL COSTS (A+B+C) $2,800,000
Contingency Allowances (25% of capital COsts) $700,000
TOTAL CAPITAL COSTS ALTERNATIVE 7 $3,500,000

C-19
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TABLE C-14

SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORT' COSTS FOR ALTERNATIVE 7
(Based on 365 Operating Days Annually)

.. .ANNUAL - B
CoSsT L
CHEMICALS ﬁ
1. Polymer :
($130/day) $47,500
2. Hydrogen Peroxide @ 50% $3,000
(24 Ib/day @ $0.3225/1b) —
l\_
3. Sodium Nitrate $3,300 2y
(18 Ib/day @ $34.50/1001bs _ o0
SUBTOTAL A $53,000 g
ELECTRICITY
1. 64,000 kwh @ $0.06/kwh $4,0C0
(Assumes 8 hour operation)
SUBTOTALB $4,000
SLUDGE DISPOSAL
1. 150 tons @ $225/ton $33,750
SUBTOTALC $33,750
. MAN POWER
L. Operator 8 hour/day @ $25/hour $73,000
2. Guard 12 hour/day @ $18/hour $78,840

SUBTOTALD $15 1,840




B

008372

TABLE C-14 (CONTINUED)
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 7

(Based on 365 Operating Days Annually)

ANNUAL
 COSTY
E. ANALYSES
1. Monitoring Weli Analyses
(10 weils @ $935/well per year) $9,350
2. Collection of Samples $8,800
3. Replacement of casings
($5,000/year) $5,000
4. Treatment System Effluent
Sampling
(348,600/year) $48,600
SUBTOTALE $71,750
F. MAINTENANCE
1. Two Percent of Groundwater
Treatment System Cost $10,850
SUBTOTALF $10,850
TOTAL ANNUAL OPERATING COSTS
(A+B+C+D+E+F) $325,190
PRESENT WORTH FOR ALTERNATIVE 7
{10% INTEREST RATE AND 30 YEAR
DURATION) $6,500,000

IeEs r-)ﬁr {‘: i .

008372
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TABLE C-15

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 1

CAPITAL
EQUIPMENT COST COST
Al Collection and Recharge
Systems 7
1. Deep Well Installed o . $50,000
2. Excavate Trenches 8,400 LF $1/LF $8,400
3. Install Trench Piping 10,300 LF $4/LF $41,200
4. Cover Pipe Clean Fill 950 CY $10/CY $9,500
5. Pavement Demolition 750 SF $12/SF $9,000
6. Pavement Repair 750 SF $20/SF $20,000
7. Material Disposal 1400 tons $125/ton $175,000
8. Disposal Hauling 70 loads $600/10ad $42,000
9. Well Casings
(108 @ $5,000/casing) $540,000
10. Pumps (non centrifugal)
(108 @ $7,000/pump $756,000
11. Pump Piping $60,000
COLLECTION AND
RECHARGE SYSTEM DIRECT COST $1,711,100
Indirect Cost
1. Engineering Costs (10% of A&B) 170,000
2. Administration (10% of A&B) 170,000
3. Construction Management (10% of A&B) 170,000
TOTAL COLLECTION AND RECHARGE SYSTEM -
INDIRECT COSTS $510,000
SUBTOTAL A COLLECTION AND

RECHARGE SYSTEM $2,221,100

C-22
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TABLE C-15 (CONTINUED)

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 1
CAPITAL,
EQUIPMENT COST COST
 B. Site Groundwater Treatment
System B
1. Equalization Tanks
3,000 gallons 330,000
2. APISeparator $126,000
3. Dehydrator
5,000 gallons $15,000
4. Effluent Tank
3,000 gallons $15,000
5. Nutrient Equalization Tank
5,000 gallons $20,000
6. Polymer System $15,000
7. Polymer Pumps $3,500
8. pH Adjustment System 310,000
9. pH Pumps $5,000
10.  Granular Media Fiitration $20,000
1i.  Carbon Feed Tank
3,000 gallons $15,000
12.  Carbon Feed Pumps $9,500
13.  Carbon Unit $99,000
14, Sludge Pumps $6,500
15.  Effluent Pumps $7,500
16.  Air Compressors (2)
109 cfm @ 25 HP $16,000
_________ i 913,500

17.  Instrument Air Dryer (2)

D0OB8374
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TABLE C-15 (CONTINUED}

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 1

EQUIPMENT COST

CAPITAL

COST

8. Piping
19. E_lcctrica!
20. Instrumentation

21. Foundations and
Concrete Work

22.  Building
Total Oq Site

Groundwater Treatment
System Direct Costs

{. Engineering (10% of Direct costs)
2. Construction Equipment Rental (Lump Sum)
3. Corstruction Supervision (Lump Sum)
4. Start-Up (Lump Sum)
Total On Site
Groundwater Treatment

System Indirect Costs

SUBTOTAL C ON.SITE GROUNDWATER
TREATMENT SYSTEM

C-24

o ¥ )

TTT895,000
. $35,000

$40,000

$56,000
$65,000

$708,500

£75,000
$10,000
$5,000
$3,600

$93,000

$801,500
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TABLE C-15 (CONTINUED)
SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 1
CAPITAL
EQUIPMENT COST COST
- €. Miscellaneous Costs
1. Costs of Health and Safety
Requirements During
Construction $16,000
2. State and Locaj Fees,
Permits,ete. $5,000
—_—
SUBTOTAL C MISCELLANEOUS COSTS $21,000
CAPITAL COSTS (A+B+C) $3,043,600
Contingency Allowances (25% of
capital costs) $761,000
TOTAL CAPITAL COSTS ALTERNATIVE 8§
GROUNDWATER TREATMENT OPTION { $3,805,000
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TABLE C-16
SOUTH CAVALCADE SITE
ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 1
(Based on 365 Operating Days Annually)

. CHEMICALS
1. Polymet
($130/day) $47,500

Surfactanis
(130 In/day @ $1.76/day) $83,500

Carbon Replacement
(70,000 lbsgear @ $1.00/1b) $70,000

SUBTOTAL A $201,000

008377

ELECTRICITY

1. 131,000 kwh @ $0.06/kwh $7.860
(Assumes 8 hour
compressor operation)

SUBTOTALB

SLUDGE DISPOSAL

1. 150 tons @ $225/ton 33,750

SUBTOTALC _ $33,750
. MAN POWER

1. Operator 8 hour/day @ $25/hour 73,000
2. Guard 12 hour/day @ $18/hour 78,840

SUBTOTAL D e ~=—$151,840




TABLE C-16 {(CONTINUED)
SOUTH CAVALCADE SITE
ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE §

GROUNDWATER TREATMENT OPTION 1
(Based on 365 Operating Days Annually)

ANNUAL o
B 7 ) COST B ey
E. ANALYSES o
1. Monitoring We|l Analyses |
(10 wells é $935Avell per year) 9,350
2. Collection of Samples : 8.800
&O
3. Replacement of casings P
($5,000/year) 5,000 4
4. Treaiment System Effluen; @
amplin o
($48.600/year) 48,600 o
SUBTOTALE $71,750
F. MAINTENANCE
L. Two Percent of Groundwater
Treatment System Cost $16,000 -
SUBTOTALF $16,000
TOTAL ANNUAL OPERATING COSTS
(A+B+C+D+E+F) $482220
PRESENT WORTH FOR ALTERNATIVE §
GROUNDWATER TREATMENT OPTION |
(10% INTEREST RATE AND 30 YEAR
DURATION) $8,300,000 g
C-27




SOUTH CAVALCADE SITE

TABLE C-17

DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 2

008379

C-28

CAPITAL
EQWPMENT COST, o COST
A.  Collection and Recharge
Systems R
1. Deep Well Installed $50,000
2. [Excavate Trenches 8400 LF $i/LF $8,400
3. Install Trench Piping 10,300 LF $YLF $41,200
4. Cover Pipe Clean Fill 950 CY $10/CY $9,500
5. Pavement Demolition 750 SF $12/SF $9,000
6. Pavement Repair 150 SF $20/SF $20,000
7. Material Disposal 1400 tons $125/ton $175,000
8. Disposal Hauling 70 loads  $600/load $42,000
9. Well Casings
(108 @ $5,000/casing) $540,000
10. Pumps (non centrifugal) 7
(108 @ $7,000/pump $756,000
11. Pump Piping ) $60,000
COLLECTION AND
RECHARGE SYSTEM DIRECT COST $1,711,100
Indirect Cost
1. Engineering Costs (10% of A&B) 170,000
2. Administration (10% of A&B) 170,000
3. Construction Management (10% of A&B) 170,000
TOTAL COLLECTION AND RECHARGE SYSTEM
INDIRECT COSTS $510,000
SUBTOTAL A COLLECTION AND — -
- RECHARGE SYSTEM $2,221,100

008379



TABLE C-17 (CONTINUED)
SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 2

CAPITAL
EQUIP_MENT COST COST
B. On-Site Groundwater Treatment
- - -System

1. Egualization Tanks o

5,000 gallons $30,000
2. API Separator $126,000
3. Dehydrator

5,000 gallons $15,000
4, Effluent Tank _

3,000 gallons $15,000
S Nutrient Equalization Tank

5,000 gallons $20,000
6. Polymer System $15,000
1. Polymer Pumps $3,500
8. pH Adjustment System $10,000
9, pH Pumps $5,000
10.  Air Striping Feed Tank

3,000 gallons $15,000
Il.  Air Stripper Feed Pumps $9,500
12.  Air Stripping Column $30,000
13.  Granular Media Filtration $20,000
14.  Carbon Feed Tank

3,000 gallons $15,000
15.  Carbon Feed Pumps $9,500
16.  Carbon Unit $90,000
17. Sludge Pumps

008380
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TABLE C-17
(CONTINUED}
SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 2 e
CAPITAL -~
EQUIPMEN_T COST | 7 _ COST “ﬁ*h
18.  Effluent Pumps 37,500
19.  Air Compressors (2)
100 cfm @ 25 HP $16,000
20.  Instrument Air Diryer (2) $13,500 ;
.. 12
2l.  Piping $110,000 0
22.  Electrical $50,000 Q
()
23, Instrumentation $100,000

24, Foundations and
Concrete Work $75,000

&5.  Building

$65,000
_ _
TOTAL ON.SITE
GROUNDWATER TREATMENT
SYSTEM DIRECT COSTS $872,000
L. Engineering (10% of Direct Costs) $89,000
2. Construgtion Equipment Rental (Lump Sum) §10,000
3. Construction Supervision (Lump Sum) $5,000
4, Start-Up (Lump Sum) $3,000
TOTAL ON-SITE
GROUNDWATER TREATMENT
SYSTEM INDIRECT COST B e - $107,000
SUBTOTAL B ON-SITE GROUNDWATER $979,000
TREATMENT SYSTEM

C-30

foae e e = o e e o ot 3 £
e et it e vee St -+ el N B E ¥ gy . e e e e
e T AR S A T i i e ot S g e e
NS A NIy o b e S R A AR
g R A e R R

iv‘iﬁ;il.ﬁl




TABLE C-17
(CONTINUED)

SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENTVOP'I'ION 2

- ' CAPITAL
EQUIPMENT COST COST
C. Miscellaneous Costs
1. Costs of Health and Safety
Requirements During
Construction $16,000
2 State and Local Fees,

Permits,etc. 35,000
SUBTOTAL C-MISCELLANEOUS COSTS $21,000
CAPITAL COSTS (A+B+Q) $3,221,100
capital costs) $805,300 .
TOTAL CAPITAL COSTS ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 2 $4,026,400

!
i

i

I

1

1

i

i

i

] Contingeney Allowances (25% of
I

i

i

i

i

i

i

i

i
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TABLE C-18
SOUTH CAVALCADE SITE
ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 2
(Based on 365 Operating Days Annually)

C-32

T ~TANNUAL
COST
A. CHEMICALS
1. Polymer
($130/day) $47,500
2. Surfactants
(130 Ib/day @ $1.76/day) $83,500
3. Carbon Replacement
(63,000 lbsgrear @ $1.00/1b) $63,000
SUBTOTAL A $194,000
B. ELECTRICITY
L. 160,000 kwh @ $0.06/kwh $9,600
(Assumes 8 hour
compressor operation)
SUBTOTAL B $9,600
C. SLUDGE DISPOSAL
1. 15Ctons @ $225/ton $33,750
SUBTOTALC $33,750
D. MAN POWER
1. Operator 8 hour/day @ $25/hour $73,000
2. Guard 12 hour/day @ $18/hour $78,840
SUBTOTAL D $151,840

008383




TABLE C-18 (CONTINUED)
SOUTH CAVALCADE SITE

ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 2
(Based on 365 Operating Days Annually)

-~ - - ANNUAL
COST
E. ANALYSES
1. Monitoring Well Analyses
(10 wells @ $935/well per year) $9,350
2. Collection of Samples $8,800
3. Replacement of casings
(85,000/year) $5,000
4. Treatment System Effluent
Sampling
(348,600/year) $48,600
SUBTOTAL E $71,750
F. MAINTENANCE
L. Two Percent of Groundwater
Treatment System Cost $19,000
SUBTOTAL F $19,000
TOTAL ANNUAL OPERATING COSTS
(A+B+C4+D+E+F) $479,960
PRESENT WORTH FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPFTTION 2
(10% INTEREST RATE AND 30 YEAR
DURATION)

TSI $'8!509qu0 i
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TABLE C-19
SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 3

o = CAPITAL
EQUIPMENT COST COST
A. Coliection and Recharge 7
Systems
1. Deep Well Installed $50,000
2. Excavate Trenches 8,400 LF S1/LF $8,400
3. Install Trench Piping 10,300 LF S4/LF $41,200
4. Cover Pipe Clean Fill 850 CY $10/Cy $9,500
5. Pavement Demolition 750 SF $12/SF $9,000
6. Pavement Repair 750 SF $20/SF $20,000
7. Material Disposal 1400 tons $125/ton $175,000
8. Disposal Hauling 70 loads $600/10ad ¥42,000
9. Well Casings
(108 @ $5,000/casing) $540,000
10. Pumps (non centrifu al)
(108 @ $7,000/pump $756,000
1. PumpPiping $60,000
COLLECTION AND
RECHARGE SYSTEM DIRECT COST $1,711,100
Indirect Cost
1. Engineering Costs (10% of A&B) 170,000
2. Administration (10% of A&B) 170,000
3. Construction Management (10% of A&B) 170,000
TOTAL COLLECTION AND RECHARGE SYSTEM
INDIRECT COSTS S ) CLrrmmumoe §-_i_§_-§lﬂ,000
" " SUBTOTAL A COLLECTION AND
RECHARGE SYSTEM $2,221,100

008385




TABLE C-19 (CONTIN UED)
SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 3

o CAPITAL
EQUIPMENT COST COST
B. On-Site Groundwater Treatmeme - oo
System
1. Egualization Tanks
5,000 gallons $30,000
2 API Separator $126,000
3. Dehydrator
5,000 gallons $15,000
4, Effluent Tank
3,000 gallons $15,000
S. Nutrient Equalization Tank
35,000 gallons $20,000
6. Polymer System $15,000
7, Polymer Pumps $3,500
8. PH Adjustment System $10,000
9. pH Pumps $5,000
10.  Aeration Tank
150,000 gallons $200,000
1. Agitators $38,500
12, Claritier $170,000
100,000 gallons
13. Recycle Studge Pumps $5,500
14. Sludge Pumps $6,500
15.  Effluent Pumps 37,500
16.  Air Compressors @ e e =
- 100 cfm @ 25 Hp - $16,000

C-35
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TABLE C-19 (CONTIN UED)

SOUTH CAVALCADE SITE

DETAILED COST ESTIMATE roRr ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 3

~ CAPITAL
EQUIPMENT COST COST
17. Instrument Air Dryer (2) “.“$13,500
18 Piping $155,000
19.  Electrical $75,000
20.  Instrumentation $150,000
2. Foundations and
Concrete Work $85,000
22, Building $80,000
TOTAY, ON-SITE
GROUNDWATER TREATMENT
SYSTEM DIRECT COSTS $1,212,000
1. Engineering (10% of Direct Costs) $120,000
2 Construction Equipment Rentaj (Lump Sum) $10,000
3 Construction Supervision (Lump Sum) $5,000
4. Start-Up (Lump Sum) $3,000
TOTAL ON-SFT}:
GROUNDWATER TREATMENT
SYSTEM INDIRECT COSTS $138,000
SUBTOTAL B ON -SITE GROUNDWATER $1,380,000
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TABLE C-19 (CONTINUED)
SOUTH CAVALCADE SITE
DETAILED COST ESTIMATE FOR ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 3

. CAPITAL
EQUIPMENT COST : a COST
C. Miscellaneous Costs
1. Costs of Hea"h and Safety
Requirements During
Construction $16,000
2. State and Local Fees,
Permits,etc. $5,000
SUBTOTAL C MISCELLANEOUS COSTS $21,000
CAPITAL COSTS (A+B+C) $3,592,100
Contingency Allowances (25% of
capital costs) $898,000
TOTAL CAPITAL COSTS ALTERNATIVE 8
GROUNDWATER TREATMENT OPTION 3 34,490,100
C-37
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TABLE C-20
SOUTH CAVALCADE SITE
ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE &

GROUNDWATER TREATMENT OPTION 3
(Based on 365 Operating Days Annuallv)

ANNUAL

o B - COST
A. CHEMICALS
1. Polymer
($130/day) $47,500
2. Surfactants
(160 Ib/day @ $1.76/day) $103,500

SUBTOTAL A
ELECTRICITY

1. 200,000 kwh @ 30.06/kwh
(Assumes 8 hour
compressor operation)

SUBTOTAL B

SLUDGE DISPOSAL

1. 180 tons @ $225/ton

SUBTOTALC

MAN POWER

1. Operator 8 hour/day @ $25/hour
2. Guaxd 12 hour/day @ 18/hour

. SUBTOTAL D

- —

$151,000

$12,000
$12,000

$40,500

$40,500

73,000
78,8450

——3151,840
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TABLE C-20 {CONTINUED)
SOUTH CAVALCADE SITE
ANNUAL OPERATING AND PRESENT WORTH COSTS FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 3
(Based on 365 Operating Days Annually)

ANNUAL
COST

E. ANALYSES

1. Monitoring Well Analyses
(10 wells @ $935Avell per year) 9,350

Collection of Samples 8,800

Replacement of casings
($5.000/year) 5,000

4, Treaiment System Effluent
Sampling
($48,600/year) 48,600

SUBTOTALE 371,750

F. MAINTENANCE

1. Two Percent of Groundwater
Treatment System Cost $27,000

SUBTOTALF $27,000

TOTAL ANNUAL OPERATING COSTS
(A+B+C+D+E+F) $454,110

PRESENT WORTH FOR ALTERNATIVE 8

GROUNDWATER TREATMENT OPTION 3

(10% INTEREST RATE AND 30 YEAR

DURATION) $8,700,000
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